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1 . 

Kzr: mn^-h-Hn \ 0 ^m. Atli® 

nn-isA i-^jal^. 
a^. m^jim 

?RH: ^# -+yUz.7^"PAW-i-pg:^ 

*iE^, “l-t:^^j^±*, m^A 

-\-t^hK~rm, ELm:Hyfz,^'^n-'nm±0c iBz, KP^^:o 

X: 3 :^^-^a¥N, 5 P«i^: 2 :. n- 
iE3i;, hwa+^^MT 

m, -^iEffl. ^#-WA^-i^;-. i^Z, BP^o -^I'fiJc 


[fim] 

[ I ] x' + 48(k' - 270000*^ + 1555200ar + 1866240000 

= 0„ (0) 

X* + 36Qr’ - 270000x2 2O736000x + 1866240000 

*= 0, ( K; ) 


I4^if ] 

A*: i^n#'i'24o 

!$-: ^ 1 £20#, m 1 £o 

^^-^lJ 1866240000 

I5552000'ft#-Ai:^.?-Ifc, -270000'f^#— 


Goa Gu Ce Wang ( Surveying with 

Right Triangles ) 

8 Problems 

1. A city built in the form of a rectangle has a gate at mid-point of each side of 
the wall. At a distance of 240 bu outside of the south gate stands a pagoda. A 
person went out from the west gate and after walking 180 bu saw the pagoda. 
He turned and walking straight toward it found the distance to be 1 li and 240 
bu. Find the length and the width of the city. 

Ans. Length of the wall, 1 li 120 bu-, 
width of the wall, 1 li. 

Process. Let the element lian be one-half of the length of the city wall. 
From the statement we have 1866240000 for the positive shi, 15552000 
for the positive/ang, 270000 for the negative upper lian, 480 for the posi¬ 
tive lower lian, and 1 for the positive >>«, an expression'' of the fourth 
degree whose root, 240 bu, is the required number. Double this root is the 
length of the city wall. Again let the element tian be one-half of the width 
of the city wall. From the statement we have 1866240000 for the positive 
shi, 20736000 for the positive fang, 270000 for the negative upper lian, 
360 for the positive lower lian, and 1 for the positive yu, a biquadratic 
expression- ^ whose root, 180 bu, is the required number. Double this root 
is the width of the city wall. 


ra 

7C 

$ 

m 


M.A-)ko X: 

1866240000'f^i«;1i?4!t^, 20736000'ft-270000 
-tt^ —360-ft:^-^/fc^Mi!:, :?fra 

-f-fi'Ji 80 #o it^-smo 



2 . 

[J^*] 

z.rfi^n0+^jiiLEHof'> p^: w;lm? 

^B: -Mo 

^B: i\i$mz, ^#H tA:^^^iE^. zts 

-Traemiim. -*iaPS, “m::e-?FZ.'= ^4^lHl 

BPMi^c -^ 1^0 


[}£»] 

[l] «i:'*gff'. Wla = r* 15. A = r + 40. (?P) 

[ 2 ] : - ^ + 24001" + 66000.^ + 360000 = Oo ( 5^5) 

[3] flTT = 3. fij[ ““;t"o (») 


[4-ii 1 

'P. 2-—X|S]0t^ 

IS]a.#f)t'-'lb-!K., Tlb*n ^,n401^, O H: 

1 

^fJ'] 3600004ti*J'l' 

tfc^, 66000'ft3^1 —2400'ft^— 


[ Notes ] 


[ 1 ] The expression in modem form is the equation: x* + 480j:’ - 270000j:* + 
15552000X + 1866240000 = 0. (C) 

[ 2 ] The expression in modem form is the equation: + 360jr’ - 270000u‘^ + 
2073600(k + 1866240000 = 0. ( C ) 

2. A city, built in the fomi of a circle, has four gates opening to the west, east, 
north, and south. Jia and Yi both started from the center of the city. Jia went 
out from the south gate and stopped at a distance of 15 bu. Yi went out from 
the east gate and after walking 40 bu, saw Jia at a distance. ^ ^ Find the 
circumference of the city. 

Ans. 1 li. 

Process. Let the element tian be the radius of the city. From the statement 
we have 360000 for the positive shi, 66000 for the positive fang, 2400 for 
the positive upper Han, and 1 for the negative yu, an expression ^ ^ of the 
fourth degree whose root, 60 bu, is the required radius. The radius multi¬ 
plied by 3 gives the circumference of the city' 

[ Notes ] 

[ 1 ] A right triangle is formed by the center of the city, the places that Jia and Yi 
stopped. Then, a=r + 15, b=r + 40. (G ) 

[ 2 ] The expression in modem form is the equation: - x* + 2400x’ + 66000x + 
360000=0. (C) 

[ 3 ] Use 3 for ir, so the radius multiplied by 3. (G ) 



§ 

7C 

5 

m 



314 


3 . 

[;!*] 

-AiEPS, mz. 

[ as I 

[ 2 ] - 14400 = Oo ( BS ) 

jbn#h90#^;^ 

t■^'tbn, AI60^, 

0: ^'? 

240^. 

A: iSLA^->fliil6^ii-ifc&^l ■^, . 4|-i'J-!4400'ft 

1 ^^$0 120#. 


4 . 

[;i*i 

is. mm^AZK, 

JLo T^^ig^rA+R. A g »ltfeiSM?LA, 

ASmiimA, -^^'^A#'^o''> fg: 


3. A city built in the form of a square has a gate at the mid-point of each side 
of the wall. An arbor stands 90 bu from the north gate. A person started from 
the center of the city and after walking 160 bu beyond the west gate saw the 
arbor in the straight line with the comer of the city.''' Find a side of the city. 

Ans. 240 bu. 

Process. Let the element tian be one-half of a side of the city. From the 
statement we have 14400 for the negative shi, and 1 for the positive yu, a 
quadratic expression' ^' whose root. 120 bu, is the required number. Double 
this root is a side of the city. 

[ Notes ] 

[ I ] The arbor, the northwest comer, and the place where the person saw the arbor 
after he went out the west gate are in a straight line. Two right triangles are formed by the 
line, the north and west gates. Their gou are 90 and the half side of the city. Their gu are the 
halfsideofthe city and 160. (G) 

[ 2 ] The expression in modem form is the equation; or* - 14400 = 0. ( C ) 


4. The distance of a round city and the height of its wall are unknown. Two 
measuring standards. 12 chi in length, are erected in a straight line with the 
city, the distance between them being 80 chi. At a point 60 chi from the first 
standard the surveyor lies on the ground and sees the tops of the wall and the 
first standard in a straight line. At a point 100 chi from the second standard he 



^B: tt-'FpgWE + ^iE^. 

±^. mmmnmm 

I'^H] 

ii]itti3mmmmMm^mifR:tM. Mo essM^jWi^, a. m^isii®, 

^i®. il^iMft{^HI^). Jsmms(^B'^)m\y3h, I. d, a, b,, b^, ^]«l! 

^ < :/L*Jf ff 4 >«h = + ae ( ?P ) 

fr, - i». 

[2] -4Qt + 1440 = Oo (l«) 

: 3 ] /=:-M_o (») 

- *1 

[^Wl 

X., A<.^5'^i£#60X., 

100X-, AD 

1 - 1 ; 

1^ 


sees the tops of the wall and the second standard in a straight line. ^' 'What is 
the height of the wall and the distance of the first standard from the city? 

Ans. Height of the wall. 36 chi; 

distance from the first standard, 120 chi. 

Process. Let the element tian be the height of the city wall. From the state¬ 
ment we have 1440 for the positive shi and 40 for the negative fang, a 
linear expression' ^ 'whose root is the required height. To find the distance 
of the first standard from the city, use the product of the distance between 
the standards and the distance of the point of the observer from the first 
standard as the dividend, and the difference between the distance of the 
second point of the observer from the second standard, and the first point 
of the observer from the first standard as the divisor.' ^ 'The quotient is the 
required number. 


[ Notes ] 

[ 1 J It means that the height of the wall and the distance from the first .standard 
were solved by the chong biaofa (the meiod of two sandards or gnomons ) of the 
chong cha method( the method of double differences ). Let the height of the wall be /i, 
the distance from the first standard /, the distance between the two standards d. the height 
of the standard a, the first standard backward! or sun shadow )b,, and the second stan¬ 
dard backward (or sun shadow) b^. The formula given by Liu Hui in the introduction 
of The Nine Chapters of Mathematical Procedures is as follows: h = ^ ^ ^ + a. (G ) 

[ 2 ] The expression in modem form is the equation: -40* + 1440 = 0. ( C ) 

b^d 

[ 3 ] Liu Hui gave the formula for solving the distance: I = . The formula 


is used here. ( G ) 
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A-t-^, AgItiEK, Tfj^i§^fH+^, iiM 

A^^KA'tc 
i^ij: ftg. 

^R: ^i^-AAR. WH3t-/^o 
AH: ^Atc-^^I^. tam^Z, ^#-AA^AM^.-■S■mAo 

ASSi®#. W-Si§i, !^A0AA^, 


[5i!Rl 

[1] jitNJi3iiitt<#«^ii^>;tmfeii5r“i®. ^^fiPfiiWic iefSifis, iijffi. ^ 

E. «S5. «tl*jiff. AHffl. An^^\l3h, H. d. a. b,. b^, c,. Cj. 

b = -r^^ c.o ( ?p ) 

b,-b, 

[2] IWk - 2800 = Oo (M;) 

[3] iftBP: //= d(a-c,-c,)^ 

b,-b, 


A5A, Ai'«T=t0ifE8OtP-. /wS A4A= ^ 

l5-Aia.-ff30i^. -S-^e^A, ^A5A- 

6Ao XAI^;&Ail-(f50lp-. 1“T: 

#i^2A8A, iii.,^3AlAo 


5. The height of a city wall built in the form of a square, the watch tower on 
the top of the wall, and the distance of the city are unknown. Two measuring 
standards, 15 chi in length, are erected in a straight line with the city wall at a 
distance of 80 bu. After walking back 30 bu from the first standard the sur¬ 
veyor sees the tops of the tower and the standard in a straight line, the distance 
of his eyes from the ground being 4 chi. From the same point of observation 
he looks at the foot of the tower and the line of sight cuts 5 chi 6 cun from the 
standard. Walking back 50 bu from the second standard he finds the tops of 
the tower and the standard are in a straight line with his eyes. ^^ Find the 
height of the tower and the city wall. 

Ans. Height of the tower, 28 chi] 
height of the wall, 31 chi. 

Process. Let the element lian be the height of the watch tower. From the 
statement we have 2800 for the negative shi and 100 for the positive fang, 
a linear expressions*^ whose root is the height of the tower. To find the 
height of the city wall, subtract from the height of the standard the sum of 
the distance of the eyes from the ground and the length cut from the standard, 
then multiply the remainder by the distance between the two standards. 
Dividing this result by difference between the distance of the first point 
from the first standard and the second point from the second standard. Add 
to the quotient the difference between the height of the standard and the 
part cut off. The result is the desired height. 
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[®*1 

^^r:*;/K SlM^, ^?gffl*Eg+H^-:5)-o ^xn, vm 
m:t, T^^iSfr-tEa^A^. 

mm^mm, xm%m~xf^o }^m^n, mm. 

|5]: i^iT. 

7|iS; ALXTt-xui:, mm^z, nn^x^Em, ±^, 

TM-, xmmimx^, mmmi: 

\^,z, uixmo 

mmm-, '^Ho 

[asi 

[i]itef5IJt^EiJ»<if^J|:g>:tSe^|B]Mc £«:$-. «i«, 

^SiM?7^ Mi§ff> A?g^J-S'J»fl. I. D, d, b,, b^, c. ^'j««ai««iiiS^r^'- 


[ Notes ] 

[ 1 ] This is the sort of {Hoblem of wang song (surveying the pine) of Liu Hui* s 
Hat Dao Suan Jing ( Sea Island Mathematical Manual). The height of a tower is (he 
height of a pine. Let the height of the pine be A, the height of a mountain H, the distance 
between the two standards the height of the standard the firsi standard backward 
the second standard backward by the distance of a person * $ eyes from (he ground and 

the line of sight cuts from the standard Cy The formula for solving the height of the tower 

dc. 

is as follows: h * r- — + ( G ) 

[ 2 ] The expression in modem form is the equation: lOQr - 2800 s 0. ( C ) 

[ 3 ] That is. H = ^ ^ ~ ^ ( q ) 

^ - b, 


6. The size of a city which is in the form of a square is unknown. Two standards, 
in an east and west line, set 43 bu 2 fen apart, are connected by a rope tied at 
the height of the observer. The east standard is in a straight line with the 
southeast and the northeast comers of the wall. Walking backward from the 
east standard 14 bu 8/en and looking at the northwest comer the line of vision 
cuts the rope 10 bu from its east end; walking 64 6u 8 fen farther north the 
west standard falls within the line of vision. ^' ^Find a side of the city and its 
distance from the standards ^ ^ I 

Ans. A side of the city, 6 li 340 bu; 

distance from the standards, 10 li 85^ bu. 

Process. Let the element tian be a side of the city. From the statement we 
have 5000 for the positive shi and 2 for the negative fang, a linear expres¬ 
sion ^ whose root is the required side. To find the distance of the city 
from the standard multiply the length of the rope cut by the first line of 
vision by the distance of the observer’s second position from the standard 
and divide by the distance between the two standards. This quotient is die 


o a 


D = 


cb. 


_c (bj - b,) 


c (m) 


d c - a 

(2] w.xv^ ^ “S” wm ¥. 




“4-ft5” -?c (I?) 


- 2 i + 5000 = 0 = (l^) 

[4] . (») 

- d. 


[4-if 1 

il-fr 14^ f, Il 10. Xi6jJb-ft, 1E£^ 

64-^^. 41-^0 l“1: 

^^^5-6X340#, 

4^-: ^^J'J 5000'ft:?*7tlt^, 

1^ 

K;tA'^^db4t2E4t, 

^4^rt4-±-^-4bi£-ff. i^it-ft7(;M. XA<.db4t 


7 . 

[JSi] 

siiiH. «fr«^^^^o tcuj±, ^^i^esKo 

ATfla/^R. X^sm^±, K^|al+a*-3tARo SiA 
^^mm.§., A±«52RAi-oi'J |B]: 


ying cha. Subtract from the ying cha the distance of the observer’s first 
position from the standard for the divisor. From the whole distance walked 
by the observer subtract the ying cha, and multiply the remainder by the 
observer’s first distance from the standardJ^^This result gives the dividend. 


[ Notes ] 


[ 1 ] This is the sort of problem of wang yi ( surveying the city ) of Liu Hui* s Hai 
Dao Suan Jing ( Sea Island Mathematical Manual). Let a side of the city be a, the 
distance from the standard to the city ying cha D. the distance between the two standards 
d, the east standard backward the west standard backward by and the line of sight cuts 
from the standard c. The formulas of ying cha and the side of the city given by Uu Hui are 
as follows: 


D= 


c(b -b ) 

, a - -. (G ) 


d c - a 

[ 2 ] Qu biao qu cheng is used in the original text. A redundant qu before biao . or a 
redundant qu cheng before qu biao is added. ( G ) 

[ 3 ] The expression in modem fonn is the equation: ~2x + 5000 = 0. (C ) 

[ 4 ] Liu Hui' s formula for the distance from the standard to the city is used here: 



b,(b,- D) 
D-h, 


(G) 


7. A camp is situated on the top of a hill. At the foot of a rocky cliff is a 
fountain from which they draw water. To find out the depth of the cliff they 
use two right triangles. The gout short leg )of each being 4 chi arranged one 
above the other with a distance of 16 chi between their . As tiiey look down 
from the vertex of the lower triangle to the fountain the line of vision cuts 6 





±^. TfeM-.'^^ BP^^o 



324 


mn] 

[ iB^®, nM. 

mi. ±M. ymm^h, a. d, £.,. b,, a = -^- 

bj - b, 

($P) 

[2] ;r + 220 = 0„ (PS) 

[^if I 

>UX:iiX-M, -^iQ^4K, ATffit6X.„ ##jtb 

&SSim^l ^6K, SLfk^b^jLi^^^yi^, J>^±m.5K 

6^0 l'■’^; 

!$-■. jgv3^22 3to 

I 


8 . 

IJIAI 

^wgLUiffig. Arm 

Ey/tA^= ganiH, Arm^KA^A^. xM.^mmr±, ^i'bi+b 
iSKo AJiBfeHRA^o Xmtm, A±.mr.R 

1^: «^fm;Lfpj? 

^B, n^—5to 

AB: iL^%-Mr^, inm^z, ^#s:+^*IE^, 


chi from the gu. As they look down from the vertex of the upper triangle to 
the fountain the line of vision cuts 5 chi 6 cun from its gu. ^' ^How far below 
the first triangle is the cliif? 

Ans. 220 chi. 

Process. Let the element tian be the distance of the cliff below the triangle. 
From the statement we have 22 chi for the positive shi and 1 cun for the 
positive fang, a linear expressions^’ whose root is the required distance. 


t Notes ] 

[ 1 ] This is the sort of problem of wang gu ( surveying the cliff) of Liu Hui's Hai 
Dao Suan Jing ( Sea Island Mathematical Manual). The distance from the vertex of the 
upper triangle to the fountain is the depth of (he cliff. Let the depth of the clifr bt h, the 
height of gou a, the distance between the two right triangles d, the upper gu b,, and the 


lower gu b,. The formula of the depth of a cliff is as follows: h = 


dh. 


b,-b, 


-a. (G) 


[ 2 J The expression in modem form is the equation: x + 220 ss 0. (C ) 
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8. To measure the gate of a city, use two equal right triangles, one placed 5 chi 
above the other. The gou ( short leg ) of each triangle is 3 chi. The line of 
vision from the vertex of the lower triangle to the top of the gate cuts from its 
gu 4 chi 8 cun', the line of the vision to the bottom of the gate cuts from its gu 
2 chi 8 cun Sfen. The line of vision from the vertex of the upper triangle to the 
top of the gate cuts from its gu 3 chi 6 cun; the line of vision to the bottom of 
the gate cuts from its gu 2 chi 4 cun.’'' Find the height of the city gate. 

Ans. Height of gate, 10 chi. 
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[}^m] 

[ 1 3 ittsi&nm zmmmmm. jit;2:rji§5Bii^^, 


n\mm^c ®is]. marmm 

, d [ c, ( b, - b ) - b, (. c, - c,)] 
(b: - b,)(c, - c,) 

(?P) 


tf^h. d. /j|, 6,. c,. c,. h = 


[ 2 ] jf : - 5 x + sooo = o. (> 


I 4 if I 

3K, ^r^AKSXo XTM:2X-8 

AJ^JS:3X-6^-o Xjgrm, ^.Xf&2K4iro I“1: 

Hift 1 Xo 

X-. -f^fJso^-'ft^lTM. 


Process. Lei the element tian be the height of the city gate. From the state¬ 
ment we have 50 cun for the positive shi and 5 fen for the negativea 
linear expression ^ whose root is the required height. 


[ Notes ] 

[ l ]This is the sort ot problem of wang qing yuan of Liu Hui*$ Mai Dao Suan Jing 
( Sea Island Mathematical Manual). The height of the city gate is the depth of the water. 
The lop of the gate is the bank of the river, and the bottom of the gate is the white stone. Let 
the depth of the water be h, the distance between the two right triangle.^ d, the upper gu of 
wang an ( surveying the bank ) 6,, the lower gu of wang an by the upper gu of wang shi 


( surveying the stone k*,, and the lower gw of wang shi Cy The formula of the depth of the 

1. I it r II 1. d[cAb.-b.)-b.(cy-c)] . ^. 

water given by Liu Hui is as follows: h -^—*-*-^^-*— . t U ; 

(b,-b,)(c,-c,) 

[ 2 ] ITic expression in modem form is the equation: -5 j: + 5000 = 0. (C ) 


. (G) 



327 






32B 


1 . 

mm-, 

7X±-K^^o m. t’J^/5]: 

^B: j^n-^r-R, 

^B: :i^7C-*7K^. mm^Z. --^^L 

m.^Z, W-^EH'B'E't-H^^iES, -WJL-Era^tjM:^r, -*iEPS, 

W?f-:^:,t’’^f5]o yiJi^Tt -^m^, 

[a^l 

id^fl,. Oj, -Emi&^ysmb + 3. <. +1. t^q] + ^^ = ( & + 3 )^ a^ + 

(fr+ 1)». «,+aj= 14. - £>^aftfr. Kc[Wr3J®.<^L 

nn:^> c = (us) 

2 (c - i>) 2 (c - fc) 

[2] X*- I91r + 2160 = 0a (|^) 

[ 3 ] ^F:^r:a;K0EttJ^^C^^: x= - i94x + 2353 = 0 . (BS) 

[ 4 ] ! x^ - I9&r + 2745 = 0. ( BS ) 


14^»1 

^i4l3t4X.o tfeTK-fS^ifS 


Huo Wen Ge Tuan ( Problems in 

Poetic Form ) 

12 Problems 

1. A side of a square pool is 14 chi. A reed growing on the west edge extends 
30 cun above the water. A rush growing on the east edge extends 1 chi above 
the water. If the tops of the two are tied together they will meet on a level with 
the water. ^ ^ Now tell me, how we can decide the three questions. 

Ans. Depth of the water, 1 zhang 2 chr, 
length of the reed, 1 zhang 3 chr, 
length of the rush, I zhang 5 chi. 

Process. Let the element lian be the depth of the water. From the statement 
we have 2160 for the positive shi, 192 for the negative fang, and 1 for the 
positive yu, a quadratic expression ’ *' whose root is the required depth. 

Again let the element tian be the length of the rush. From the statement 
we have 2353 for the positive shi, 194 for the negative fang, and 1 for the 
positive yu, a quadratic expression ^ ^ - whose root is the length of the rush. 

Again let the element tian be the length of the reed. From the statement 
we have 2745 for the positive shi, 198 for the negative fang, and 1 for the 
positive yu, a quadratic expression’** whose root is the length of the reed. 
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[ Notes ] 


[ 1 ] Where the reed and the rush meet divides the water into two parts. They are two 
gou of two right triangles. They both equal to the depth of the water b. Let they be a, and «Jj. 
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n.^l^5Ko 

X: ia:^;it-i'?s|-i5:, 2353 ^ ^ , 

X: mU745^^t^^. - 


2 . 

[®A] 

^1^: S$W-?ffi¥HW,!«MH?|- 

mmn^m? 

m^i-AAm^AZE.. 

AP: SLAyt-if^mmn, tmmz, aio}aAo ± 

AW-+AIK^. AA^A, ?F*SI¥AM-.:'M#f®M. X: Z 

m+^iE^, AA^Ao _h^. 
X: ji:A^-At*:mA?gc. n 

Hw-t^iisc, AAAA, A^mi^Am-,^^'nmmAm. 

#, mZo -g-iBio 


Their xian are ^ + 3 and ^ + 1, respectively. Then, = (h + 

1 y, a^ a^= 14. This is a problem to find f*u b and xian c fiou a and gu xian cha c - 

b. The chapter gou gu of The Nine Chapters of Mashematical Procedures used the following 

formulas: b = ——-- , c * ——-—— .(G) 

2 (c-/>) 2(c“t) 

[ 2 ] The expression in modem form is the equation: jp - 192x + 2160 = 0. (C) 

[ 3 ] The expression in modem form is the equation: jp - 194x + 2353 = 0. (C) 

[ 4 ] The expressi<Mi in modem form is the equation: - 198 j: + 2745 = 0. (C ) 


Ql c. 

i 

2 , 

5 

a> 


CO 



2.1 heard some one talking in the midst of the fog saying he had a mixture of 
wine, weak and strong; also that three persons could be intoxicated by means 
of the strong while three sheng of the weak could intoxicate only one.Fifty 
persons here were found lying in their seats after twelve dou were gone/' ^ 
May I ask those who are skilled in calculation, those who come from the four 
directions. How much was in the mixture, the weak and the strong? 

Ans. Strong, 3 sheng 7 ~ he, intoxicating 1 1 i persons; 

weak, 1 shuo 1 dou 6 sheng 2j he, intoxicating 38 j persons. 
Process. Let the element tian be the amount of the strong wine. From the 
statement we have 30 for the negative shi and 8 for the positive/ang, a 
linear expression^* Whose root is the required amount of the strong wine. 
Again let the element Han be the amount of the weak wine. From the state¬ 
ment we have 930 for the positive shi and 8 for the negative/ong, a linear 
expression* ^ Hvhose root is the required amount of the weak wine. Again 


C/9 
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[fin] 

r i ] #. WiS. 

m, b, n, 3a = m, yi) = n. a + fe = 12. m + n = 50o 

8jr-30 = 0o(|«) 

[ 3 ] ?f ^: -&t + 930 = Oo ( BS) 

[4] -at + 90 = 0. (») 

[5] &t - 310 = Oo (R^) 

;6'Af-i: >g;Smifr'VrA*; 3$-.aA;g^ 

i&JLpS^7 

aftig 1^ l+6^2-^-^, »^^f']38|-Ao 
iS:A7L-^!;S^ialt. 

Ifajialto A: i3:A>t-j^;a*ja4i. ^fi'j930 

+ ^Wg^fco A; 

fife- 

fiff-o l?#ij-310-tfe^'fr*^. 8-ffe59—7feA.ffi'f-;^rfife-^, ■??■ 
•hts^-;sA4fco fife-4i;F.A, 


let the element tian be the number of persons who were intoxicated by 
means of the strong wine. From the statement we have 90 for the positive 
shi and 8 for the negativea linear expression whose root is the 
required number of the persons. Again let the element tian be the number 
of the persons who were intoxicated by means of the weak wine. From the 
statement we have 310 for the negative shi and 8 for the positive fang, a 
linear expression ^ ^ • whose root is the required number. 

[ Notes ] 

[ \ ] The wu is a drinkcry in the saying of Song and Yuan dynasties, The li 
refers to the weak wine. Let the quantity of the strong wine and the number of the 
intoxicated persons be a and m, the quantity of the weak wine and the number of the 
intoxicated persons be h and n. From the statement, we have (he following expression: 
3a = m, n, a + A = 12. /« + n ss 50. (O ) 

[ 2 ] The expression in modem form is the equation: 8x - 30 = 0. ( C ) 

[ 3 ] The expression in modem forni is the equation: + 930 = 0. ( C ) 

[ 4 ] The expression in modem form is the equation: -8x + 90 » 0. (C ) 

[ 5 ] The expression in modem form is the equation: &x - 310 = 0. ( C ) 
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3. 

iiScfsi: 

^B; m -ti^; 

^^hag, -::%iHPffi, 7zmi3jfz,^^^n^o X: m 

m.Z, H 

^ifj\-z,'^'nm. X: mm^z, i#-^-B‘±:+ 

->jiEPS. X: W. 

iitz, »-?f^L+A::tjiE§c, nn. 

l^m] 

[ 1 ] jltBP: ab = 240. a^ * b^ ^ (2 x 13)^ (fP) 

[2)M±r6] "E!^”. Itfibasfo. 4-lh.(«ii) 

[ 3 ] : X* - 676*' + 57600 = 0= ( Ks) 

[ 4 ] t -x" + 676*^ - 57600 = 0„ ( ) 

[ 5 ] ff : x' - 1156 = Oo ( BS ) 

[6] -x' +196 = o„ (»i) 


[<^m] 

^ 24 ^, l^iO#; 


3. In the middle of a mu of land in the form of a rectangle grows a bamboo. 
The distance of the bamboo from each vertex is 13 (/>« ). ^'^Tell me, please, 
what are the numbers for the four dimensions? 

Ans. Length, 24 bu\ width, \Obu\ he, 34 bu\jiao, 14 bu‘'^\ 

Process. Let the element lian be the length of the rectangle. From the state¬ 
ment we have 57600 for the positive shi, 676 for the negative upper lian, 
and I for the positive yu, a biquadratic expression' ^ ‘ whose root is the 
length of the rectangle. Again let the element tian be the width of the 
rectangle. From the statement we have 57600 for the negative shi, 676 
for the positive upper lian, and 1 for the negative yu, a biquadratic ex¬ 
pression - whose root is the width of the rectangle. Again let the 
element rian be the he. From the statement we have 1156 for the nega¬ 
tive shi, and 1 for the positive yu, a quadratic expression ^ ^ whose root 
is the required he. Again let the element tian be the jiao. From the 
.statement we have 196 for the positive shi, and 1 for the negative yu, a 
quadratic expression whose root is the required jiao. 
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[ Notes ] 

[1] Thatis.afr = 240,0^ + = (2 x 13)2. (q) 

[ 2 ] Because there are “four dimensions” before the answer and the process for 
getting the he and the jiao behind it. the answers for the he and the jiao are lost here. Now 


we add them. ( G ) 

[ 3 ] The expression in modem form is the equation: x* - 676x2 + 57600 = 0. ( C ) 




X; mi-576004^Mj 

6764^Mj^>JLm^^44i, ^e9;ii;5-, ^ 

S'im. 4^^il-U564f 

^'$-M, iSL^Tt 

»a*.=*R;y>±-^*)^o -fffJ 196'ft^'JrM. 


4. 

[J15:] 

mm-iB, it;?it*:4A. mam 
At, ^jt0'pm, 

lasi 

[ 1 ] JttNP: 2 12 (2 (Zt - 19) - 19] - 19! - 19 = 0. ($P) 

Idt - 285 = Oo (Bf,) 


^A)»T: ^;^-''^)S. f^. ii:je;J'tof:l49o 

S: I 47-48-^ 1 

iS:4>L-^^7'^:t-^-4^a4fc, > 4?$'!-285 


[ 4 ] The expression in modem form is the equation: -x^ + 6764:^ - 57600 = 0. 


(C) 

[ 5 ] The expression in modem form is the equation: x* - 1156 = 0. ( C ) 
[ 6 ] The expression in modem form is the equation: -x^ + 1% = 0. (C) 



4.! had some wine in a bottle which 1 took with me everywhere I went in the 
lovely spring weather. Whenever I met a drinkery I added to the wine as 
much as was left in the bottle. Every time I stopped at a good place I drank 
one dou and nine sheng. Four times I met drinkeries and four times I stopped 
at good places. I found my bottle was entirely empty. ^^ Find out for me, 
please, how much wine there was when I started. 

Ans. 1 dou 7 sheng 8 he 1 shao 2 chao 5 cuo. 

Process. Let the element tian be the amount of the wine in the bottle when 
he started from home. From the statement we have 285 for the negative 
shi, and 16 for the positive/ang, a linear expressions*^ whose root is the 
required amount of the wine. 


cs 

f>m 

C/3 

6^ 


W' 

s? 

9DI 

TO 






sr 


m 

C/9 
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[ Notes 1 

[ 1 ] That is, 2 I 2 [ 2 ( 2x - 19) - 19 ] - 19 | - 19 = 0. ( G ) 

[ 2 ] The expression in modem form is the equation; \6x - 285 s 0. ( C ) 


m 

7L 

s. 

m 
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5. 

[JIS:] 

mm. -x-xmx-i', 

^H: SHATO+'bt'. iftA^^Xi 

m-. im^z, 

ES-t—m:^r, JF*P¥:fir]ro-,'^M#^o X: 

im^z, n-:nm=f-A+-.t^iEm, mx-^uir, ±$. Tsm 

-,‘^M#^o X: iiam^z, 

^7t-^mift, tm^z, nA^BXAi^iEm, ± 

[iiS] 

[ilieSiUts^tfr. m, 6. «. 

Ua = «. Aft = „, + Aft = 999. a + (,= 1000„ (IP ) 

[2] 4l:r - 26937 = 0„ ( 15^) 

[ 3 ] ff -4U + 14063 = 0„ ( »;) 

[4] -4U + 32923 = 0,(Bf>) 

[ 5 ] -4\x + 8036 = 0. ( ) 


[4-if 1 

^^999X’i!i, ^lOOOo IlX4S.^9^, 7 ^ 


5. With 999 cash I bought 1000 pears and apples. I 
of 9 for 11 cash and the apples at the rate of 7 fw 4 
did I buy? 

Ans. Number of pears, 657; 
cost of pears, 803 cash; 
number of apples, 343; 
cost of apples. 196 cash. 

Process. Let the element tian be the number of the pears. From the state¬ 
ment we have 26937 for the negative shi, and 41 for the positive fang, a 
linear expression ' * • whose root is the number of the pears. Again let the 
element tian be the number of the apples. From the statement we have 14063 
for the positive shi, and 41 for the negative fang, a linear expression ’ ^ ^ 
whose root is the number of the apples. Again let the element tian be the 
number of the cash spent for the pears. From the statement we have 32923 
for the positive shi, and 41 for the negative fang, a linear expression 
whose root is the number of the cash spent for the pears. Again let the 
clement tian be the number of the cash spent for the ^ples. From the state¬ 
ment we have 8036 for the positive shi, and 41 for the negative/ang, a linear 
expression whose root is the number of the cash spent for the apples. 

[ Notes ] 

[ 1 ] Let the number of the pears and its price be a and m, and the number of the 
apples and its price b and n. The expression is as follows: 

Ua = m, Aft = * jb = 999.a + b = 1000. (G) 


bought the |>ears at the rate 
cash, f' 43 ow many of each 



l^tHHllSa 
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Ii657^, #^803i:; 

^^343^t, ■f^^■t^tl96i:o 

-ifSiifco X; 

^f^•J 14063■ft^'I'^S;^, -41'ft^-^fc^#- 

^^^^J 32923 US’-41 

yj.-ifir^,:^iir^^mo #i'J8036-ft^«^. -41t 


6 . 

[J^A] 

tf. ^^s^iSjfSic mssi®- 

m. 

^0: 

nn^o X: iim^±, ^# 

—pg^^^:^r, tj?. TfeM—-^f^Io 


M¥:ci 3 ^m^}stm. mm^-. / - 1 = c. ^^*10^ + (/- 3)^ = d - 1 )^(iis) 
[ 2 ] - 4 ^ +108 = 0 = (us) 


[ 2 ] The expression in modem form is the equation; 4\x - 26937 = 0. ( C ) 

[ 3 ] The expression in modem form is the equation: -A\x + 14063 = 0. ( C) 

[ 4 ] The expression in modem form is the equation: -41x + 32923 = 0 (C ) 

[ 5 ] The expression in modem form is the equation; --41x * 8036 s 0. ( C) 


6 . There is a swing in my yard. The height of the pole and the length of the 
rope are unknown. The feet of my pretty little maid were on the board which 
is one chi from the ground. Pushing her two steps forward I found that the 
board was just three chi from the ground. ^'' How can the height of the pole 
and the length of the rope be known without the knowledge of solving the 
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expression with the element tian as unknown? 


Ans. Length of the pole, 27 chi\ 
length of the rope, 26 chi. 

Process. Let the element tian be the length of the pole. From the statement 
we have 108 for the positive shi and 4 for the negative fang, a linear ex¬ 
pression whose root is the length of the pole. Again let the element 
tian be the length of the rope. From the statement we have 104 for the 



-B-# 



342 


[ 3 ] ^x + KM = 0= ( ^ ) 

l^W] 

Ko KJHi^Hl-^, 

^^2^7JL, t^2^6Ko 
iSt^/t—M}^j^, 

-Jfe, iU-kniR:^ik^^m. 


7. 

[Jlit J 

-wmo^'’^ 

^B: ^K+Att, ^fft-0H+S^Co 

mm^o X: z^Tt-^mwwift, mm 
^Z, ^#-:^A^AH“■^A^^. -^^iEPS, W?f 


[fin] 

[ I ] iS^»A#»f<t-:^>S'J^tja. m, am = 6210. 3 (a - 1 ) = 

mo (IP) 


positive shi and 4 for the negative/ang, a linear expression whose root 
is the length of the rope. 

[ Notes ] 

[ 1 ] Let the length of the pole and the length of the rope be I and c. Then, a right 
triangle is formed with its gou 2 bu, that is, 10 chi, itsgul - 3. and its xian c. And we 
know, / - 1 = c, then, 10^+ (/-3)* = (/ - 1)*. (G) 

[ 2 ] The expressitMi in modem form is the equation: -4x + 108 = 0. ( C ) 

[ 3 ] The expression in modem form is the equation: -Ax + 104 a 0. (C ) 

7.1 asked some one to buy me some beams for 6210 cash. The cost of transpxMla- 
tion was three per beam which was paid by giving one beam to the transporter. • ‘ ^ 
Ans. Number of beams. 46; 
price per beam, 135 cash. 

Process. Let the element tian be the number of the beams. From the state¬ 
ment we have 2070 for the negative shi, 1 for the negative fang, and 1 for 
the positive yu, a quadratic expression ’ *' whose root is the number of the 
beams. 

Again let the element tian be the price per beam. From the statement 
we have 18630 for the negative shi, 3 for the positive/ang, and 1 for the 
positive yu, a quadratic expression ^ whose root is the price per beam. 

[ Notes ] 

[ 1 ]Let the number of the beams and the price per beam be a and m. The expression 


^0 
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[2] -x - 2070 = o^ (bs) 

E 3 ] Jp + Ir - 18630 = Oo { B* ) 

l^n] 

6ir210^, 1 ^ 

4?-^'] “2070-ft^'Tft 

■gi, -1 I :Jfi)feAifc^#.4sfc. 

5L: ^:^:^P^J^:5■^i■^*l^f. 4?-J>J-18630 


8 . 

[JS3:] 

tfft£s^A+pq, fg®^5^iianfeo w 

^fi^its+'t)fe!l. -A 

iait 5 fe±sa^= 

^B: mr.-tm^, 

:i—; 

SAW—+A-fZ,0^A^:^)fc!)o 

--tAiElii, ¥A?f:2:,t^M#0^o vj. 


is given as follows: am = 6210,3 (a - I ) = m. (G) 

[ 2 ] The expression in modem form is the equation; - x - 2070 ® 0. (C) 

[ 3 ] The expression in modem form is the equation: x^ -f 3x - 18630 = 0. (C ) 


8 . The perimeter of a square city is 64 li. The ground of the city is to be 
covered with gold bricks one cun in thickness, the sum of the other two di¬ 
mensions being one chi. One cun of gold weights 15 Hang 18 zhu, and each 
brick weighs 17 Jin 15 Hang 6 zhu 7 si 2 sku. ' ’' To find how many gold 
bricks will be needed makes the master confused. 

Ans. Width, 2 cun 4 fen; length, 7 cun 6 fen; 
number of the bricks, 4547368421-j^ ; 
weight, 81648000000 jin. 

Process. Let the element tian be the width of a brick. From the statement 
we have 18 cun 2 fen 4 li for the positive shi, 10 cun for the negative fang, 
and 1 cun for the positive yu, a quadratic expression * ^ ^ whose root is the 
width of a brick. To find the number of a brick, divide the area of the city 
by the area of a brick, and the quotient will be the number of the bricks 
needed. If there is a remainder, express it as a fraction in lowest terms 
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i}^m] 

[ 1 ] 82944 

4 

-&C b, !iiija + * = 10. Msm^^^ab, 

X (abx l) = n/f 15M6l*7M2^o (^) 

[2] - IQr + 18.24 = 0= ( ^) 

[ 3 ] S§*St - 82944000000 (> 

2.4 X 7.6 

[ 4 -if J 

-Ifc 64i1-f, 

15i*^, X184)^?(r$^o I5r0564^7 

4547368421 ~ 

81648000000 7r o 


9. 

[/S3:] 

^r«1: 

^s: ^n=m:^-sx, 


[ Notes ] 

[ 1 ] Let every side of the square city be A. Then, A = ^ = 16. Its area is as 

4 

follows: 16^ li s 82944000000 cun. The width and the length of the gold brick are a 

and b, then a + ^ = 10. Its area is ab. Its weight is as follows: IS liang 18 zbu x 

(ab X 1) =17 jin 15 liang 6 zhu 7 si 2 shu. ( G ) 

[2] The expression in modem form is the equation: - IQr + 18.24 s 0. (C) 

[ 3 ] The number of the bricks is 82944000000 ^ (G) 

2.4 X 7.6 



Si 

so 

CO 

CO ^ 
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9. The principal and interest for a certain length of time amounts to 4000 
cash. The sum of their roots equals the number of days; the difference 
between their square roots is 40.^'' 

Ans. Principal, 3600 cash; 

2 

interest for one month, 41 cash; 





^ir^z. 

-^1^0 


()i»l 

[l]i2*-tl. b, MU + 6 = 4000, iUB’^.^m, jil'J yS" + /F = 

m, /a - /F=40,(IP) 


[ 2 ] -J* + 4000* - 144 


OIO 


= 0, {BS ) 


14-if 1 

^Ar-T: 4-r«. il«fci*i4.'Fg- 

Mo 4^4'lS4i:.t-^^, Jit—it, 

^4^ 3-^600 A, ^40 4l|-i:; 

2^ 20 9 , 4']^400 3to 

4^: ife7t-i^4'J^S,o Ait^Jik.itfie.'g'^S.^, -f^S'J 

-1440000 4000ifi-/fc^#.4t, 

4^, •^44'J4‘«.o 


10 . 

[®5tl 

«g¥o 

^0: ^-+7^^, m-+E^o 



number of days, 2 months 20 days; 
total interest, 400 cash. 

Process. Let the element tian be the principal, and the element di the interest. 
From the statement we have 1440000 for the negative shi, 4000 for the 
positive fang, and 1 for the negative yu, a quadratic expression ^ ^' whose 
root is the required principal. 

(Notes ] 

[ I ] Let the principal and the interest be a and b. Then, a + b s 4000. Let the 
number of the days be m, then /a + /5' - /a -/5"s40. (G) 

[ 2 ] The expression in modem form is the equation: + 4000x - 1440000 * 0. 

(C) 



C en 
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10. There is a mu of land in the form of a rectangle. If one walks from one 
comer to the diagonal comer going horizontally 6 bu, vertically 4 bu, and 
then diagonally 15 bu, he will reach the comer of the land. ^’ Find the di¬ 
mensions of the land. 

Ans. Length 16 bu\ width, 15 bu. 


-B-# 
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^i5\o 

I mm] 

[l]ieSfflW^^ -KiJ-S'Ji^a. b. ma** 240.(o-6)^+ (i,-4)»= 15*, 

(IP) 

[ 2 ] X- - ax’ - 173x* - 2880x + 57600 = 0, ( K-;) 

[ 3 ] X* - 12t’ - 173x* - 1920x + 57600 = 0, ([«-;) 

^Al-1: ^^t6#S:-ft4. 


;>K.: iS-it^—JtTL—-ffJ'J 
57600 -2880^-;^^#-*. -173 *«fc, -8 

S'] 57600 

-1920 3{;—-173 5*1— 

1 


Process. Let the element tian be the length of the land and the element di 
the width. From the statement we have 57600 for the positive shi, 2880 for 
the negative/ang, 173 for the negative upper Han, 8 for the negative lower 
Han, and 1 for the positive yu, an expression^ ^ 'of the fourth degree whose 
root is the required length. Again let the element tian be the width of the 
land and the element di the length. From the statement we have 57600 for 
the positive shi, 1920 for the negative fang, 173 for the negative upper Han, 
12 for the negative lower Han. and 1 for the positive yu. an expression ^ ^' 
of the fourth degree whose root is the required width. 

[ Notes ] 

[ I ] Let the width and the length of the rectangle be a and h. Then, ah = 240, (a 
- 6)1 + (i, - 4)1 = 15*. (G) 

[ 2 ] The expression in modem form is the equation; j;* - Sj;! - ITSjr* - 2880x + 



« cn: 
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57600 = 0. (C ) 


[ 3 ] The expression in modem form is the equation; - 1 Ir* - 173x1 - 1920a: 


+ 57600 = 0. (C ) 


11 . 

[;s*l 

^t&,^fiHlo 

#0: 2-f7^+^t^Tf;t~+Eo 

^0: fmrn^z, A+m^, 

-j^iEPS. vmm^. 

mo 

lasj 

^m?^.iK^-. (10-r)» = ^+ (?p) 

[ 2 ] : .r* + 6ar - 300 * Oo ( R5) 

;fAi-i: -X4|LA3^;^. 'C>'^5, 

:S^: 

■fJfS'J-SOO'ft^'I'M, 60 

'CsBo 

12 . 

l/SS:] 


11. Three crystal balls lie on a silver plate whose circumference is 3 chi. If 
any one can find the segment of the diameter of the plate not covered by a ball 
he ought to be rewarded by 10000 taels of gold ^' \ 

Ans. 5-^ cun. 

Process. Let the element tian be the diameter of a ball. From the statement 

we have 300 for the negative shi, 60 for the positive/ang, and 1 for the 

positive yu, a quadratic expression^ *'whose Toot,4-^cun, is the diameter 

of a ball. Subtract this value from 1 chi, the diameter of the plate. The 

remainder, 5 cun, is the required segment. 

69 

[ Notes ] 

[ 1 ] Let the diameter of the crystal ball be r. Zhu Shijie considered, ( 10 - r a 
H + (G) 

[ 2 ] The expression in modem form is ihe equation: -f 6CU - 300 s 0. (C ) 



r ^ 
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i 2. The product of the gou and the gu minus the sum of the xian and one-half 
of the gou is equal to the sum of 3 times the gou and 5 times the gu; the sum 
of the xian minus the gou and the xian minus the gu is less than the gu by one- 
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^0: aa-+E^. ^-t-t^o 

?^0: 1e;^:tc—# 

n^o Jf«b^ 

m-. nmnA-t^h^m. ±$, 

jr-ATt^: ^#5:w-+A^^. ^+AA‘.:^r, 

1#®. 

[itm] 

[ 1 ] itBP: ab - (c + -^a ) =3a + 5b, (c-o) + (c - b) sfr-yflo 

(S?) 

[ 2 ] 60* - 480 = Oo ( 55 ) 

[3] 32y - 480 » 0» ((55) 

[ 4 ] -. 30z - 510 = 0. (B5) 

[4if ] 

i38^, JKtSIf-, ^171^0 

A: i^A-^AASt 

-f^^'J-480ifj'$-M, 32^-A^M^o 
-51030if>-AJS#-lfc. TfAW+A, 


half of the gouJ' ^ 

Ans. Gou, 8 bu; gu, 15 bw, xian, 17 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the xian. From the statement we have 480 for the negative shi, 
and 60 for the positive/ang, a linear expression whose root is the re¬ 
quired gou. 480 for the negative shi and 32 for the positive/ang, a linear 
expressions*^ whose root is the required gu. 510 for the negative rW and 
30 for the positive/ang, a linear expressions*^ whose root is the required 
xian. 


[ Notes ] 

[ 1 ] That is, a* - (c + -^a ) * 3a + 56, (c - a) + (c - 6) * 6 - 

(G) 

[ 2 ] The expression in modem form is the equation: 60* - 480 = 0. (C ) 

[ 3 ] The expression in modem form is the equation: 32> - 480 = 0. (C) 
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1 . 

[JIS:] 

^B: -+2^. 

i^B: iim^:t. 'im=^A-t^^m, 


[ii.m] 

5 ^ l)(»-^2) ^ i/ =-;-«(« + 

2-3 . ■“ "^ 

Do l|i(« + D = 

^rt (n + 1 )(« + 2)o 4g®«. ^f»(f»+ l)(« + 2) = 680c (W) 

[ 2 ] ^ + 3jt= + 2;t - 4080 = Oo ( US) 

[4-if 1 

^^680A5t^, l-T: 

15^. 

^fS'J-40807*1 

2 ^— 3?*;—1 
:T, ?p#o 


of Hay ) 


Jiao Cao Xitig Uuan ( Piles 

7 Problems 


1. 680 bundles of hay are in the luo yi form.^ * ^ Find the number of bundles in 
a side of the base. 

Ans. 15 bundles. 

Process. Let the element tian be the number of bundles in a side of the 
base. From the statement we have 4080 for the negative shi, 2 for the posi¬ 
tive fang, 3 for the positive lian, and I for the positive yu, a cubic expres¬ 
sion whose root is the required number. 


[ Notes ] 

[ 1 ] L.i Shanlan, in his Ze Gu Xi Zhai, calls (he son jiao luo yi ( dropping one ) 

form a triangular pile of the third degree. The formula is as follows; 

S = n(« + l)(«-*-2)^ ^ )The formula of the volumeof the pileof hay with 

2 • 3 

f 

n layers is as follows:^ ). A pile in the luo yi form is also called a triangular 

pile. The formula of the volume of the pile in the luoyi form with n layers is as follows: 

S a J J-i (I + 1 ) sin (fi + 1 ) {/I + 2 X According to the statement, we have 
••t 2 3! 

^n(n+l)(n + 2) = 680. (G) 

[ 2 ] The expression in modem form is the equation: x’ + 3jr* + 2x - 4080 - 0. 



CD 


c/3 

SC3 

C/» 



(C) 
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im:Sc] 


^B: -±=Mo 

Am*-, -+-mh*, Amr*. -^jeps. 



litn] 

1 -2 • 3 -4 

i-^j (i + 1 )(/ + 2) =i/i (n + l)(n + 2){« + 3)„iB 
j*i 4! 

IS*. ^n(n + l)(n + 2)(n + 3) = 1820c ( 9B ) 

[2] ?F;ri?WSe^W^*: x" + dt* + llx* + 6x - 43680 = Oo (Bfv) 

] 

13 

tSL^^t—4?-^']-43680 
6^ —II3^;—1 


2. Find a side of the base of a pile consisting of 1820 bundles in the sa xing 
form-'^ . 

Ans. 13 bundles. 

Process. Let the element tian be a side of the base. From the statement we 
have 43680 for the negative shi, 6 for the positive fang, 11 for the positive 
upper lian, 6 for the positive lower lian, and 1 for the positive yu, an ex¬ 
pression of the fourth degree whose root is the required side. 

[ Notes ] 

[ I ] Li Shanlan, in his Ze Gu Xi Zhai, calls the sa xingi sa, loose; xing, star )form 
''triangular piles of the fourth degree/' It is not a single pile but several piles with triangu¬ 
lar bases ranging from one upward. The formula is as follows: 

5 1) (n * 2) (n * 3 ^ ^ ^ 

1*2•3 *4 

called the triangular pile of hay in the luo yi form. The formula of the volume of the pile in 
the sa xing form with n layers is + l)(i + 2) (” + l)(n + 2)(n + 

3 ). According to the statement, we have irt (n+l)(n + 2)(/i + 3) * 1820. (G) 
[ 2 ] The expression in modem form is the equation: jr* + 6ir^ + llx^ + dx - 43680 


= 0. (C) 


-e-# 



360 


3. 

^0: —+“^0 

7^0: mm^Zo nA7fA-^A:f3i^^, 

A:^, Am±*, HmPH, ^mo 

liim] 

^ «(/J + l)(« + 2)(3«+l) / -V/ \ =B^ -TArt 

S * ' —-—-— - « n(n+l)(w + 2) MS • T''fi 

1 ♦ 2 • 3 • 4 

aeg^ (3n+ I )o (») = 1:^1 (i + I ) « =-!-« (n + 

<-i 4! 

1 )(n + 2)(3n + I )o lge#,:^n (n + l)(n + 2)(3n+l) = 3367, (fP) 

4! 

[ 2 ] -. 3^ + lOr^ + 9 jS + 2 * - 80808 = Oo ( Pfi) 

l^m] 

^^3367j*c.5:^^, H: 

\2^o 

-80808 


4. 

[ffiSc] 


^ 0 : -+ 13^0 


3. Find a side of the base of a pile of hay of 3367 bundles in the iin feng fcwirf ‘ I 
Ans. 12 bundles. 

Process. Let the element tian be a side of the base. From the statement we 
have 80808 for the negative shi, 2 for the positive yizng, 9 for the positive 
upper lion, 10 for the positive lower Han, and 3 for the positive yu, a bi¬ 
quadratic expression whose root is the required side. 


[ Notes ] 

[ 1 ] Li Shanlan calls the Ian feng ( Ian. mountain-imst;/enj. summit) form the 
first pile of the er cheng zhi duo ( variation of the third degree of a triangular base pile X 

n{n + l)(n + 2)( 3w 1 ) degree is according to the factors 


The formula is 5 = 


1 *2 -3 *4 

n (n + 1 ) (« + 2 ), the factor ( 3« + 1 ) being not included. (C ) The formula of the 

A I I 

volume of the pile in the Ian feng form is as follows: 1)'=^''^" + 

1) ( n + 2 ) ( 3n + I ). According to the statement, we have^ n(n + l)(n + 2)(3« + 
1 ) = 3367. (G) 

[ 2 ]The expression in modem form is the equation: ^ + lOar* + + 2i - 80808 

= 0. (C) 


4. Find a side of the base of a pile of hay of 8568 bundles in the sa xing geng 
luo yi form ^' \ 

Ans. 14 bundles. 

Process. Let the element rum be a side of the base. From the statement we 




7^0: ^#-w“:5‘A=F-w 


z:+Em:^r, s+j^A±m. -+ 

mn*. -^^iEPS, Em:6rJF:^c^^’'^1^0 



36^ 


=iTr' (» + l)(i + 2)(i + 3)=-^n(n+l)(n + 2)(n + 3)(n + 
4)o Jga*. ^/i(/J + l)(n + 2)(n + 3)(n + 4) = 8568. (IP) 

[ 2 ] x» + IQx' + 35x5 + 5(Xr^ + 24x - 1028160 * 0. ( ) 

4^^8568 1"1: ^ 

14 Ao 

-1028160 24 7(;-^fc^#.4t, 50i<;—#.it, 35?(?^^fc 


5. 

[Igi3i;] 

W0: 

7^0: ^#Awra:^A^5;H 

H+EmJi*, E+m-*. -+E^ 
}A^m, n^im, mm:^ffZo^^^-^fs}o 


have 1028160 for the negative shi, 24 for the positive/ong, 50 for the posi¬ 
tive upper Uan, 35 for the positive second lian, 10 for the positive third 
Hart, and 1 for the positive yu, an expression ^ ^' of the fifth degree whose 
root is the required side. 

[ Notes ] 

[ 1 ] The pile of hay in the sa xing geng luo yi fonn is also called triajigular pile of 
hay in the sa xing form. The fonnula of the volume of the pile with n layers is as follows: 

■S =iTr' l)(« + 2)(i + 3) =-^n(#i + l)(n + 2)(n + 3)(n + 
4 ). According lo the statement, -^n (n * l)(n + 2)(/i + 3)(n + 4) « 8568. (G ) 

[ 2 ] The expression in modem form is the equation: x* + lOx^ + 35x’ + 5Qx^ + 
24x - 1028160 = 0. (C) 
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5. Find a side of the base of a pile of hay of 50388 bundles in the lanfeng geng 
luo yi form ^ 

Ans. 16 bundles. 

Process. Let the element tian be a side of the base. From the statement we 
have 6046560 for the negative shi, 6 for the positive/ang, 35 for the posi¬ 
tive upper lian, 50 for the positive second lian, 25 for the positive third 
lian, and 4 for the positive yu, an expression ^ ^ ^ of the fifth degree whose 
root is the required side. 


n(n+\)(n + 2)(n + _ 3 H4n_^^Ji „ („ + 1){ „ + 

1 •2-3 *4 • 5 

2)(n + 3) iln$. (4« f 1 )o (BS) fit** 

make i:^i (i + I ) (» + 2 ) i = -^n ( n + 1 ) 

r*\ 3! J- 

(fi + 2)(n + 3)C4m + Do in(n+l)(/i + 2Mn + 3)(4n+l) = 

50388o (W) 

[ 2 ] 4*» + 25x‘ + SOr^ + 35jt* + dr - 6046560 = 0= ( 9H) 

] 

50388 r-T: 

16^0 

-6046560 —35 50 :a.>k. 


6 , 

[/13:1 

.l;^-+£mEKH::tA3:a K5S±-^t;^A3:, 

|S1: /KTJifer? 

^0: --hA^o 

tI^B: ^^7c—^#— hi::Q‘H=Ppg’@'A+A^ 


[ Notes 1 


[ 1 ] The Ian feng geng luo yi (dropping one of the summit) form, according to Li 


Shanian in his Ze Gu Xi Zhai, is called the first pile of the variation of the fourth degree of 

I u 1 'rutf i r /i(/i+l)(/i + 2)(rt + 3)(4n + l) _ 
a triangular base pile. The formula is S = ■ .The 

1-2 0 -4 -5 

degree is according to the factors nin l)(n«i>2)(n43Xthe factor ( 4n -f I ) being 


not included. (C ) The pile of hay in the Ian feng geng luo yi form is also called the 



triangular pile of hay in the Ian feng form. The formula of the volume of the pile with n 

layers i (i 1) (i + 2) i n(n + l)(n + 2)(/i + 3)(4«+ 1). Ac- 

3! 5 : 

cording to the statement* *^n(n+l)(n + 2)(n43)(4n4 1) = 50388. (G ) 

[ 2 ] The expression in modem form is the equation: 4x^ 4* 2Sx* + SOa:^ + 35x^ 4 
6x - 6046360=0. (C ) 


o 
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6. The whole cost of a pile of hay is 25578 cash. The top bundle costs 9 cash, 
but each bundle in the layer next below costs 3 additional cash, and so on with 
each layer. ^^ Find the base of the pile. 

Ans. 28 bundles. 

Process. Let the element tian be the number of bundles in the base. From 
the statement we have 153468 for the negative shi, 21 for the pjositive fang, 
27 for the positive Han, and 6 for the positive yu, a cubic expression 
whose root is the required number. 


m 

7L 

m 



366 


[fin] 

a. '^^d. =^n (n + \ )[2dn + (3a - 2d)l itl^^'a = 9. 

3. :r^n (n + I)(2x3n + 3x9-2x3) = 

2x3 

25578o (IP) 

[2]tH:^H^^. 5= o(g^) 

[ 3 1 6r^ + 27^ + 2lx - 153468 = Oo ( ) 

[4-^1 

-I£25-)r578^0 yU.TMrM:^:^ 

^Sitc f»T: 

28;^o 

m'\-\5346Si^ 

2\ 27 7^ 

SP^fo 


7. 

[J^S:1 

:t^Bg+-MAW0-hA:SCo 

^0: 

gt, -+Am*. smPS, 


[ Notes ] 

[ 1 ] It is a sum problem to multiply every term of a pile of hay by every term of an 
arithmetic series in order. Let the first term of the arithmetic series be a, and the difference 
d. The formula of the sum of the arithmetic scries isS=i«(n + 1)[ 2dn + ( 3fl - 

J X 


2^) 1 In this problem, <2 s 9. s 3. The cost of the pile of hay with n layers is 
(/j + I)(2x3n + 3x9-2x3) = 25578. ( G) 


1 


2x3 


n 


[ 2 ]The pile is in the form of a triangle, the formula being S = ^ ^ ^ ^ ^ C ) 

[ 3 ] The expression in modem fonn is the equation: + 27jr^ + 21x - 153468 


= 0. (C) 
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1. The whole cost of a pile of hay is 42846 cash. Each bundle of the bottom 
layer is 6 cash, but each bundle of each succeeding layer costs 5 cash more 
than those in the layer below. Find the base. 

Ans. 36 bundles. 

Process. Let the element tian be the number of bundles in the base. From 
the statement we have 2.^7076 for the negative shi, 13 for the positive/ang, 
18 for the positive Han, and 5 for the positive yu, a cubic expression ^ ^ ^ 
whose root is the required base. 




[ 1 ] 

mm^6 f («-1) X 5. '^m^-5. :r^n («+ 

2x3 

l)(5n+ 3x6-5) = 42846. (IP ) 

[2] jifcj^HftJ*, 5= »<"•*•>> .(ISj;) 

1 • 2 

[ 3 3 5F:S’jCWaft)^i!:*: 5^ + l&r^ + 13 j - 257076 * 0, ( US ) 

i^m] 

<t42tr846io 

^it 5^0 r"T: ^ :>'jt? 

^■. 36 Ao 

4ffJ-257076 t*; 


(Notes ] 

[ 1 ] It is also a sum problem to multiply every term of a pile of hay by every term of 

an arithmetic series in order. In this problem, the first term of the arithmetic series is 6 4 

( n - 1 ) X 5, and the difference is -S. Iherefore the cost of the pile of hay with n layers 

is (n + l)(5n+ 3x6-5) = 42846. ( O) 

2x3 

[ 2 ] This pile is in the form of a triangle, the fonniila being S * ” ^ ^ ^ 

[ 3 ] The expression in modem form is the equation: Sx* + + I3j: - 257076 

= 0. (C) 
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1 . 

(JSAl 

i^: mm^jim 

^0: Bli^- f-HK, ^rf^r+Ao 
7^0: jH^Tc-^^SlgSi'hM, -+ 

-tmps. TO?F:^A’M#li9lJfl= 

[j-iiSl 

[1] iBBlffift, ^«5S::5)-B>]^s,. S,. ittBP: 5, + 5, = 97„ (?|S) 

[2] iewijs^/^, /,, ittiP: /,-/, = 4„ tn) 

[ 3 ] 7^ + 24x - 4608 = Oo ( ) 

[41f 1 

iBI#4--A, r-.^: :i-^it^7\'JS^ttmM^7\'m'}' 

4Xo f“'l: ^‘y? 

IB#^^24X, ^T(it-?h^20Xo 

/'/rf'lo 


2 . 

[ilA] 

fni: mm^Jif^j? 


Jian Ji Jiao Can ( Bundles of Arrows ) 

7 Problems 

1. The number of arrows in two bundles, one square and the other round, is 
97 J'' The perimeter of the square bundle contains 4 less than the circumfer¬ 
ence of the round bundled ^ Find the number of arrows in the perimeter and 
in the circumference. 

Ans. Circumference, 24; perimeter, 20. 

Process. I^t the element tian be the arrows in the circumference of the 
round bundle. From the statement we have 4608 for the negative shi, 24 for 
the positive/ang, and 7 for the positive yu, a quadratic expression* * Hvhose 
root is the required number. 

[ Notes ] 

[ 1 ] Let the number of arrows in the round bundle be S,, and the number of arrows 
in the square bundle 5j. That is, 5, + Sj = 97. ( G ) 

[ 2 ] Let the circumference of arrows in the round bundle be and the perimeter of 
arrows in the square bundle /j. That is, — /j = 4. (G ) 

[ 3 ] The expression in modem form is the equation: 7x^ + 24x - 4608 * 0. ( C ) 
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2. The number of arrows in two bundles, one square and the other round, is 
62.*' ’ The sum of the arrows in the circumferences (the circumference of 
the round and the perimeter of the square ) is 34 Find the number of 


arrows in the circumferences. 




^S: hAKo 

7^0: ^#-"PEWA+3^^E^, - 

-^■t-^-zZ^^U, -t^^iEPR. -^1^0 
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lasj 

(1] tc;®«f», 5,. ittEP: S, + 5, = 62„(S¥) 

[2] ieiaa(^i-pg. :^mi'm'jmif31,, /,. mv-. /, + /, = 34 . (^) 

[ 3 ] ■. 7** - 272r + 256a= 0. (l« ) 

^t62Ao /'>*: 

4fS'l2560:3*?'$-it^, 


'^Plr R o 


3. 

[JSXl 

h-K."=Kc: 

1^; mm^jim 

^0: 

7^0: mm^m, ^t^f^^:^o 

-^lEPS, -^(5)0 


Ans. Perimeter, 16; circumference,18. 

Process. Let the element tian be the arrows in the perimeter of the square 
bundle. From the statement we have 2560 for the positive shi, 272 for the 
negative/an^, and 7 for the positive yu, a quadratic expression ^ ^ ^ whose 
root is the required number. 

[ Notes J 

[ 1 ] Let the number of arrows in the round bundle be 5,. and the number of arrows 
in the square bundle Sj. That is. S', + 5, * 62. ( G ) 

[ 2 ] Let the circumference of arrows in the round bundle be and the perimeter of 
arrows in the square bundle l^. That is, /, + /j * 34. ( G ) 

[ 3 ] Hie expression in modem form is the equation: 7 j:* - 272x + 2560 = 0. ( C ) 
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3. The number of arrows in a round bundle exceeds the number in a square 
bundle by 12.'-' ^ The number of arrows in the circumference of the round 
bundle equals the number in the perimeter of the square, Find the arrows 
in the circumference and in the perimeter. 

Ans. Circumference (equal to the perimeter), 24. 

Process. Let the element tian be the number of arrows in the circumference 
or the perimeter. From the statement we have 576 for the negative shi, and 


7C 
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[)im\ 

[ 1] jltBP: S, -S, = 12o (IP) 

[2]jii:EP: /,=/,„ (3?) 

[ 3 ] ^ - 576 = 0„ ( fiS ) 

l^m) 

12X„ X*: SlitJ 

jK-: iSi^jit—Ml ^4^|J-576 1^- 


4. 

[®*] 

m-. If. l^lf^^;L^^? 

t^b; fL^ft~Mmm. mm^Zo - 

-^-+^miis, rjff^z,'^^nifmo -^r^o 

[fimi 

[1] PtBP: S, +S, = 97o (IP) 

[2] PtBp: (j =-|^o (IP) 

t3j 219^ + 1320* - 114000 = 0<, (S}() 


ffliif4—A, ^t97r., X*: 

1'“!: 

:Ti!5-lh^20X, ®iR-lt'M24Xo 

4?fJ-I14000?^;'t^ 

45-4‘^/ri^o 


1 for the positive yu, a quadratic expression whose root is the required 
number. 


{ Notes ] 

[ 11 That is, 5, - 5, = 12. (G) 

[ 2 ] That is, /,=/,. ( G ) 

[ 3 ] The expression in modem foim is the equation: - 576 = 0. ( C ) 

4. The number of arrows in two bundles, one round and the other square, is 

97 J ' ^The perimeter contains five-sixths as many arrows as the circumference. 

^ ^ ^ Find the number of arrows in the perimeter and in the circumferences. 

Ans. Perimeter, 20; circumference, 24. 

Process. Let the element rian be the number of arrows in the perimeter of 
the square bundle. From the statement we have 114000 for the negative 
shi. 1320 for the positive/ang, and 219 for the positive yu, a quadratic 
expression ^ ^ ^ whose root is the required number. 
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[ Notes ] 

[ 1 ] That is, S. + = 97. (G ) 

[2]Thatis,/j = ^/,. (G) 

[ 3 ] The expression in modem form is the equation: 219x^ + 1320Lr - 114000 = 


0. (C) 
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5 . 

[msc] 

N: ^r. mm^jipi-! 

^H: [ilM—f-AK. :^r^—+AKo 

ra+nmiffi, -^fnio 


[f±n] 

[ \ ] JtfcBP: S, + Sj = 62= (») 

[2] itkBP:|i, =|v(IB) 

[3] 43jt^ + 306*- 19440 = 0= (Mi) 

[4iil 

mt-S—*^ 62 Ao A*: fflTH-?h^*^I-|-^^ilf^l'^ 
l-T: 

18 A, 16 Ao 

iS:j^>t-^[l]#^t')^. ^5'J-19440 

306^—ifc^if.ifc, 43 7*;jg.A;fc^Mifc, 


6 . 

[JSS:] 

f6]: :^r. 

^B: :)5‘M-+AR, ®J^0+ARo 



5. The number of arrows in two bundles, one round and the other square, is 
62 J' ■ The arrows in the great half of the circumference equal those in the 
strong half of the perimeter. ^ ^ ^ Find the arrows in the circumference and in 
the perimeter. 

Ans. Circumference, 18; perimeter, 16. 

Process. Let the element tian be the arrows in the circumference of the 
round bundle. From the statement we have 19440 for the negative shi, 306 
for the positive fang, and 43 for the positive yu, a quadratic expression ' ^ ^ 
whose root is the required number. 

[ Notes ] 

[ 1 ] That is. S, + S, = 62. (G ) 

[ 2 ] That is. J-/, = /j. ( G ) 

[ 3 ] The expression in modem form is the equation: 43x* + 306it - 19440 = 0. 
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(C) 


6. The number of arrows in two bundles, one round and the other square, is 
281 - The arrows in one-fourth of the circumference are less than those in 

five-sevenths of the perimeter by 8. ^ ^ Firnl the arrows in the circumference 
and in the perimeter. 

Ans. Perimeter, 28; circumference, 48. 




;t,'’M#;^Mo -^rajo 
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[ 1 ] ittiP: 5, + Sj = 28U (») 

[2]lH;BP:^/,--i/, = 8<,(||S) 

[ 3 ] 1747^ - 31304^ - 493136 * Oc (|5S) 

i^W] 

*^281 I!!JI5-:>|';i96^i ifcb;5-TB-^h 

;*l^-f;>'8Xo l“T: 5-^?:>'? 

^i!5-?h;^28X, [llTK-^h;^48;<o 

#5']-493136 

gi, -31304 1747^3S.Aat^if.4^, 


7 . 

[JIAI 

^B: [Mi;^H+AM. 

-+Em:^, -tmPPI. ¥:^r?f;i.t*M#ISi^. -^l^o 


[ I] JfcBP: ‘J, + 5j = 208o (S) 


» 


Process. Let the element tian be the arrows in the perimeter of the square 
bundle. From the statement we have 493136 for the negative shi, 31304 for 
the negative fang, and 1747 for the positive yu, a quadratic expression 
whose root is the required number. 

[ Notes ] 

[ 1 ] That is.S, + S, = 281. (O) 

[2] Thatis, 4 - 1 , - 4^, = 8. (G) 

71 41 

[ 3 ] The expression in modem form is the equation: 1747x^ - 3! 304jr - 493136 
= 0. (C) 


7. The number of arrows in two bundles, one round and the other square, 
is 208.^' ^ The arrows in the circumference of the layer next to the outer 
layer of the round bundle increased by 2 are equal to those in the perim¬ 
eter of the square bundle. t^^Find the arrows in the circumference and in 
the perimeter. 

Ans. Circumference, 36; perimeter, 32. 

Process. Let the element tian be the arrows in the circumference of the 
round bundle. From the statement we have 9936 for the negative shi, 24 for 
the positive fang, and 7 for the positive yu, a quadratic expressiorf ^ Vhose 
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-g-# 


[2] jitaP: /j + 2 = /,„(») 

[ 3 ] 7je + 24x - 9936 = 0„ ( ) 



14-if 1 

ilT 8 -«—*^ 208 Xo X*: 

2 4^iB-^f'^WK4ft:+B|5]o I»l: ;?■#. :>■? 

aiiH->f'^ 36 j*., :^#^1-^32.°>C 
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root is the required number. 

[ Notes ] 

[ 1 ] That is, S, + = 208. (G ) 

[ 2 ] That is. /^ + 2 = /,. (G ) 

f 3 ] The expression in modem form is the equation: + 24x - 9936 = 0. (C) 
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1 . 

[JliE:] 

fB]: 

^B: ^-+7^00 

t^H: ^#-^0W::^iE^. 

-wm:^r, x-. z^yt 

-^M, $Pe^^^o^#H1"-W-fc+A^iE^, 

yj, 7^^h+s^^m±*, -MPS. 

t#«5o -^r^lo 



[1] ^±#ai^iiti5i •'{mm. K“«c. mmxw" ‘■^^mx\ (HS) 

[2] ie^ffl«^> -K^j-Bij^^o. b. H'*W:^r^H^- isw* [* + 0 + (t-o)] 
= 06^118, lltEP: (fc-«) -h' = 4o<?P) 

[ 3 ] : ~50x^ + lOCU + 2400 = Oo ( K=^) 

[ 4 ] X* -44x> + 635jt* - 3344x + 4176 = 0= (|5K) 



Bo Huan Jie Tian ( Land 
Measurements ) 

19 Problems 

1. The lengthofhalf of a zhong jin lian is 50 bu, and the (Clique width 10 £>uJ' • 
TTie owner wishes to trade with his neighbor whose land is in the form of an 
isosceles triangle. It is said that putting the sum and the difference of the 
length and the width for the positive shi, 15 for the negative lion, and 1 for the 
positive yu of a quadratic expression. The root is less than the difference by 4 
bu.^^^ What is the length and the width of the isosceles triangle? 

Ans. Length, 25 bw, width, 16 bu. 

Process. Let the element tian be the middle leg of half of the zhong jin tian. 
From the statement we have 2400 for the positive shi, 100 for the positive 
fangy and 50 for the negative yu, a quadratic expression ^ ^ whose root, 8 
bu, is the middle leg. Again let the element tian be the difference. From 
the statement we have 4176 for the positive shi, 3344 for the negative/ang, 
635 for the positive upper lian, 44 for the negative lower lian, and 1 for the 
positive yu, an expression of the fourth degree whose root is the re¬ 
quired difference. 


-B-# 
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-JfcSO#. 

>a±w6^i-^, i-ft 

■fffj24003(? 

4176;J&f'4fc^. -3344 3 ^— 635 jf.-ifc, -44^A 


2 . 

[«* J 

4'^W^e3-i&, ^tcr+A^^. Jt 

K5: ^JtEa^. ®!E, S 

-mm. 1^= 

^B: 

t^B; W>^:tc^#pgHA+^iE^, 

$pa^;io^#'tWE+ra^^M^. -+pgm:^, a^^*, 

-^iEPS, f*’ ^#^o 







[ Notes ] 

[ I ] Luo Shiiin concluded that it was difficult to solve the problem when one only 
knew the oblique and the length. Therefore, he said that some words must be lost in the 
original text.( G) 

[ 2 ] Let the width and the length of the isosceles triangle be a and b, and w one of 
the roots of the equation iv’-15h’+ [b * a (b - a)] =0. That is, (b - a) - h> 
= 4. (G) 

[ 3 ] The expression in modem form is the equation; - + lOOx + 2400 = 

0,(0 

[ 4 ] The expression in modem form is the equation; x* - 44x^ + bSSx’ - 3344x 
+ 4176 = 0. (C) 

2. A trapezoid has no two sides equal. The east length is 26 bu, the west 25 bu, 
the south width 14 bu, and the north 17 bu.^ ’ ^e owner wishes to trade with 
his neighbor whose land is in the form of a rectangle. If we take the sum of the 
length and the difference of the length and the width of the rectangular farm 
for the negative ski, 5 for the positive fang, and 1 for the positive yu, the root 
of this quadratic expression is less than the width of the rectangle by 7 bu.^^^ 
Find the length and the width of the rectangle. 

Ans. Length, 31 bu\ width, 12 bu. 

Process. Let the element tian be a side of the original square of the trapezoid. 
From the statement we have 480 for the positive shi, 28 for the positive 
fang, and 2 for the negative yu, a quadratic expression whose root, 24 
bu, is a side of the original square. Again let the element tian be the 
width of the rectangle. From the statement we have 744 for the negative 
shi, 14 for the positive fang, 8 for the negative lion, and 1 for the positive 
yM, a cubic expression whose root is the required width. 
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L I Sjtt, 

fr, (.n) 

[2]iBSBMN. tc:»-IS'J::^a. b, + 5w - [b+ (b-a)] = 

0W«. ittSP: a-w^l, (IP) 

[ 3 ] -2x^ + 2at + 480 = Oo (SS) 

[4] x>- &T= + 14jt - 744 = 0„ (MO 

#,-)fe26#, «r-^25#. *6^14#. &.n\l9. ^ 

7^0 FI: 

28?f;-;Jt.^if-*t, 

-f-?^'j24#o X: 


3. 

[ig*] 

Ms-Feamo 

—\-=.0, fsi: 

m^xx0o 

nm.¥:o -^rsjo 


south width 



[ Notes ] 

[ 1 ] As a matter of fact, the si bu deng lion was formed by cutting from a square 
land. Therefore, its south width is parallel to the north, and one vertex of a pair of angles on 
the cross is exactly the vertex of a pair of angles of the square land. ( G) 

[ 2 ]Let the width and the length of the land in the form of a rectangle be a and 6, and 
w one of the roots of the equation h^ + 5w- [b + (b • a)] »0. That is, a - w * 7. 
(G) 

[ 3 ] The expression in modem form is the equation: + 2&x + 480 ?= 0. (C) 

[ 4 ] The expression in modem form is the equation: + 14x - 744 a 0. 

(C) 
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3. A farnt is in the form of an isosceles triangle with the length equal to 50 bu. 
The price of the farm is 54 taels. A portion whose width is 12 bu is cut from 
the top and sold for 6 taels. ' * ’ What is the length of the portion and what is 
the width of the given triangle? 

2 

Ans. Length of the portion sold, 16^ bu\ 
width of the isosceles triangle, 36 bu. 

Process. Let the element tian be the length of the portion sold. From the 
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[ 1 

b, utEP: 

— ^ ^— * =-a„(jp) 
j-xSOa j-xl2b ^ 

[ 2 ] ?f -9x= + 2500 = 0. (lit) 

r.-sr- 1 ^ so , -flL54pE^«.o 

«.T6^-^I6|#. ±®4^l^36#, 

•^^^'J2500i^^1|^M, 

41, 


4. 

[JS*] 


statement we have 2500 for the positive shi and 9 for the negative yu, a 
quadratic expressions^'whose root is the required length. Since the root is 
not integral we shall apply the z/i/ fen method. 



[ Notes ] 


[ 1 ] Let the width of the isosceles triangle and the length of the portion sold be a 

54 6 


and b. From the statement we have 


•i X 50a jx I2b 




[ 2 ] The expression in modem form is the equation: -9jf^ + 2500 * 0. (C) 



T9 


e/3 

e/3 
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4. A farm in the form of an isosceles trapezoid has its xiao kuo equal to 12 bu 
and its da kuo equal to 20 bu. The price of the farm is 32000 cash. A section 
cut from the lower base with its length equal to 4 bu is worth 9500 cash. ^' 
Whatisthe/re/fewo'^' and what is the yuan cAang ? 


-B-# 




imm. -^ 1 ^. 
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[^m] 

[l]iB«fflfi^«|iSI. Tt^^m^ja,. b, KtBP: 
32000 9500 

•^x (12 + 20) t ^x (20 + a,) X 4 


fe - 4 _ a, - 12 
fc 20-12 


o(?K) 


[2]«Mj^P;f«SP^)-W-hi5. ic^BIi)^I^»EaMiH=(W-;) 


[ 3 1 -^ + 324 = Oo (K ) 


14-ii] 

4^;^-^#®, ']'I^12#, -li^iisair. 4'-y.:fc^-|fc4t^*fc 

^T. -tl.45(.9-f 500i:. R: ^ 

16#o 


Ans. Jie kuo, 18 bu\ 


yuan chang, 16 bu. 

Process. Let the element tian be the jie kuo. From the statement we have 324 
for the positive shi. and 1 for the negative yu, a quadratic expression 
whose root is the required jie kuo. 



[ Notes ] 


[ I ] Let the Jie kuo and the yuan chang be a, and b. From the statement we have 

32000 _ 9500 _ h - 4 , a, - 12 

-ix (12 + 20)* -lx(20 + u, )x4 * 20-12 




% 

Sc 
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The Jie kuo ( section width ) is (he upper base of the section. The yuan chang 


is the altitude of the given figure. (C ) 

[ 3 ] The eitpression in modem form is the equation: 324 » 0. ( C ) 
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5. 

. iEt&-WA+^o &hK 

|SI: ^^iLfsj? 

^0: 

7^0: Ws^j^io 

--^^iklT, -mps. -^(SI. 



[ 2 ] : jr* + 200* - 14336 = Oo ( K ) 


14'itJ 

'J'P^25t^, ;t^65-?^, leOl^o 4'A<-'J'pqA£#.T7^ 

112#, 0: 

#,T6^^56#, ^^39#. 

4fS‘J-14336 


5. A farm in the form of an isosceles trapezoid has its xiao kuo equal to 25 bu, 
its da kuo 65 bu, and its zheng chang 160 hu. If a section of 7 mu 112 hu is cut 
from the upper part what will be the width and the length of the section ^’ ? 
Ans. Length of the section, 56 bu\ 
width of the section, 39 bu. 

Process. Let the element dan be the length of the section. From the state¬ 
ment we have 14336 for the negative shi, 200 for the positive/ang, and 1 
for the positive yu, a quadratic expression whose root is the required 
length. 









[ Notes ] 

[) ] Let the width and the length of the section cutting from the trapezoid be a and 

b. From the statement we have 4- ( 25 + t * 1792, 7 ^ = . (G) 

Z loU 65 - 25 

[ 2 ] The expression in modern form is the equation: + 200 lx - 14336 = 0. ( C) 


-fi-# 



6 . 

^H: 



h'£!^I 

[l]ie»IHWftflS.fe5i-»li^a.fr.lltBP:4(42 + a)6 = 2587^ . 

2 2 120 

[ 2 ] + 42QI - 25875 = 0= (|5^ ) 


[4-itl 

'J'P^IS#. ii^ 1201^0 10 

Wl87yi^, f"T: «,T<P:$■ 

^r6ij^75-^, mn-^o 

^^-jk, y-Ji-kP^-:^}k^Smo ^f5'J-25875 


6. A farm in the form of an isosceles trapezoid has its da kuo equal to 42 bu, 
its xiao kuo 18 bu, and its zhengchang 120 few. A section of 10 mu 187y bu 
is cut from the da kuo }-'' Find the length and the width of the section. 

Ans. Length of the section, 75 bu\ 
width of the section, 27 bu. 

Process. Let the element tian be the length of the section. From the state¬ 
ment we have 25875 for the negative shi, 420 for the positive/ang, and 1 
for the negative yu, a quadratic expression whose root is the required 
length. 
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[ Notes ] 

[ 1 ] Let the width and the length of the section cutting from the trapezoid be a and 
h. From the statement we have -^ (42 4 a ) b = 2587 y, “ ^2 - \^8 ‘ ^ ® ^ 

[ 2 ]The expression in modem form is the equation: -x^ + A2Qx - 25875 = 0. (C ) 


7. 

[JS*] 

m-. m^jim 

^B: «z:+ra^„ 

A0: i tSim^:t. , -^^JESI. 



[jiiRl 

[l]ie««> m¥:mi^a, t, itteP: 

2 I36 Oo 

[ 2 ] - 2304 = o. ( b^ ) 

14-if 1 

^1361^. li^681^-o f-1: |i|.T 


7. From the top of a gui tian ( a farm is in the form of an isosceles triangle) 
whose length is 136 bu and width 68 bu a section of land containing 2 mu 4 
fen is cut off/ ’' Find the length and the width of the section. 

Ans. Length of the section, 48 bu; 
width of the section, 24 bu. 

Process. Let the element lian be the length of the section. From the state¬ 
ment we have 2304 for the negative shi and 1 for the positive yu, a qua¬ 
dratic expression ^ ^ ’ whose root is the required length. 
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[ Notes j 

[ 1 ] Let the width and the length of the section be a and b. From the statement we 

have ■^ab = 576, i G ) 

2 136 68 

[ 2 ] The expression in modem form is the equation: x* - 2304 * 0. ( C ) 



m 
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8 . 

[m:Sc] 

^'^hkrnnrn-^m^-f^ 

iBi: m^sint 

^0: 

T^B: ipa^;io^#-T-'fc'S'E+5:*^^, Eg+ 



tiiSl 

imm. i&^^mi^a. t, ittep: ^(4i + a)h = 
[2] -ly + 48^ - ]775 = 0.im) 


^120 f, ^48-$-o 4'«fcAS^i^^S(,T7^75i^, R: «. 

iS.T*^-ife45^, #.TW^30^^o 


8. A section containing 7 mu 75 hu is cut from the lower part of a gui tian 
whose length is 120 bu and width 48 buf ‘ ^ Find the length and the width of 
the section. 

Ans. Length of the section, 45 bw, 
width of the section, 30 bu. 

Process. Let the element tian be the length of the section. From the 
statement we have 1755 for the negative shi, 48 for the positive fang, 
and 2 fen for the negative yu, a quadratic expression ' whose root is 
the required length. 
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[ Notes ] 

[ 1 ] The section is in the form of a trapezoid. Let the width and the length of the 
section be a and b. From the statement we have 

|(48 + «)fe= 1755, (G) 

[ 2 ] The expression in modem form is the equation: - x* + 48 j: - 1775 = 0. 


(C) 




9. 

fai: 

^0: 

^B: ^^Tu-^m.'^, -j^iEPS. 

^(s). 



[ 21 : Jt’ - 225 = 0» ( 5S ) 


( 4 -«l 

4'^-^tiW, ■1^:1741^, m\\6-^o 
^337^-^, f“l: 

#.T6^«t45#o 

-ff^'J-225J5^;«^, 

1 



9. A section in the form of a right triangle containing 337y bu of land is cut 
from the east side of a gui tian whose altitude is 174 bu and base 116 bu }-' ^ 
Find the gou and the gu of the section. 

Ans. Gou, 15 bu\ gu, 45 bu. 

Process. Let the clement tian be the gou. From the statement we have 225 
for the negative shi and 1 for the positive yu, a quadratic expression 


whose root is the required gou. 



[ Notes ] 


[ i ] Let the gou and the gu of the section be a and b. From the statement we have 


|«i, = 337X,T^=- 


. (G) 


jx 116 


[ 2 ] The expression in modem form is the equation: x‘ - 225 s 0. (C) 
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10 . 

[JISI 

N: rn^Ai^? 

^B: mAi^A-^o 

ti ^ h : mm^Zon-=f‘z:i-m^^m, -^^ ieps . 



[fim] 

[ I ] ■‘^" Amv-i^my-jo-i^. 0.60. iEKTWiy. mm%a, t, 

i«:BP:f/.= 153.6. ^ = ^=(SP) 

[ 2 ] - 1024 = Oo ( ^ ) 

[4-3f ] 

m25j0^ ^)S£W, 

f^: <S.T)g.-|fe, 

^r^Bi^320, i^m9.60. 


10. A farm is in the form of a right triangle whose gu is equal to 86 bu and gou 
25 bu Sfen. A section containing 153 bu 6 fen is cut from the top and sold/' ^ 
What are the length and the width of the section? 

Ans. Length of the section, 32 bu\ 
width of the section, 9 hu 6 fen. 

Process. Let the element tian be the length. From the statement we have 1024 
for the negative shi and I for the positive yu, a quadratic expression^ ^ ^whose 
root is the required length. 



[ Notes ] 


[ 1 ] The 8 fen and 6 fen following bu is 0.8 bu and 0.6 bu respectively. Let the gou 

and the of the section be a and 6. From the statement we have 4"= 153.6, ~ = 


a 


25.8 


. (G) 


[ 2 ] The expression in modem form is the equation: x* - 1024 * 0. (C ) 





11 . 

| 5 ]: m^Jtm? 

^B: nmii^0o 

t^B: 1#A^SW-+S^iE^. -H 

110 ^ 9 ^:^, -^mm, -^f^o 



[itn] 

[1] «TW^-»?&c is«iFW/hfia. b, jh:bp;-^(57 + «)a 

= |«’T' 

[2] x^ ~ \9(ix + 6525 = Oo ( Sf ) 


(4-if 1 

^S^31^0, 1-1: 

^■. ^T^i^A50, m3Q0. 

i5tit?t-7&^T&^)-)fc. ito m'\ 6525 M]tM, 

^i^fr f-1 o 


11. A fann is in the fonn of a right triangle whose gou is 57 bu and gu 95 bu. 
A section containing 8 mw 37y bu is cut from the base.*' ^ What are the length 
and the width of the section? 

Ans. Length of the section. 45 bw, 
width of the section, 30 bu. 

Process. Let the element tian be the length. From the statement we have 
6525 for the positive shi, 190 for the negative fang, and 1 for the positive 
yu, a quadratic expression whose root is the required length. 



[ Notes ] 

[ 1 ] The section is in the form of a trapezoid. Let the small width and the altitude 
of the section be a and b. From the statement we have 
i(57 + n)b= . <G) 

[ 2 ] The expression in modem form is the equation: - \90x + 6525 = 0. (C ) 
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12 . 

z.. mA:5i- 

;^: ¥iilR-"PA+^, miRA'&E^o hKm 

^H: MH+A^; 

Z.«A+2:^, m^H+Ai^; 

SJ'^JZIA-Ao 

AH: ^L^7t-:fiiz.m^j, m^.^Zo ^#-AEj^2gAra^*jiS^, - 
^^iF.ffi, TO?F;t.‘^ ^#z:m^oEpfp«es. X: SL^jt-^mi^m, 

BPffifiife. -^f^o 



[1] b,. b,, ittBP: 

a, + Qj = 60, b, + b, * 150. a,bj = 2090, ^a,b, = 1805, ^a^bj = 605o (%) 

[2] .t*- 1444 = Oo (KS) 


[ 3 ] ‘‘-^J-” BP 0.2 0.2;r^ - 605 = 0. ( 6f.) 



12. A farm, in the form of a right triangle whose gou is 60 bu and gu 150 bu, 
is divided among Jia, Yi, and Bing. Jia receives 2090 bu, Yi 1805 bu, and 
Bing 605 bu. Yi ’ s section is a right triangle at the south, Bing ’ s section a 
right triangle at the east, and Jia’s, the remaining part, a rectangle. Find 
the length and the width of each section. 

Ans. Jia’s section. 

length, 55 bw, 
width, 38 bu. 

Yi’s section. 

length, 95 bw, 
width, 38 bu. 

Bing’s section. 

length, 55 bu; 
width, 22 bu. 

Process. Let the element tian be the gou of Yi’s section. From the statement 
we have 1444 for the negative shi and 1 for the positive yu, a quadratic ex¬ 
pression^ ^ Whose root is the gou of Yi ’ s section which is also the width of 
Jia ’ s section. Again let the element tian be the gu of Bing ’ $ section. 
From the statement we have 605 for the negative shi and 2 fen for the posi¬ 
tive yu, a quadratic expression * ^ ^ whose root is the gu of Bing ’ s section 
which is also the length of Jia’s section. 
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[4-i?] 

150^0 c.. T 

6#t4|-6^*^ai(i 1805#, 605 

f-1: m^^P'}'? 

T#.T6^^fc55#, ^38#; 

C.#.4f^^iii95#, 38#; 

^l^4f6^K55#, «.^^^^22#, 

■ia::^>t-^^«.^f6^Jia:,»a-fc^^R^;i-#.4t-l»fo^?-S'j-605?(;'$-4t:^,^3f; 

13 . 

[JSS:] 

L.n. TP^Z: 

-pp:0~j^0z~, nmm~=f—s:^p^~ip=.^ipz~, rmm.~=p 

PJ. Ta^'^ N: # 

^H: ¥®K-WE^, 

«^A+-^o 

7|t0: 



[ Notes ] 

[ 1 ] The small gou and gu of Yi * s section be < 2 , and , the small gou and gu of 
Bing* s section be and by From the statement we have s 60y b^ * b^ ^ 150, 

fl.fcj = 2090, = 1805. = 605. (G) 

[ 2 ] The expression in modem form is the equaticHi: ^ - 1444 s 0. (C) 

[ 3 ] Fen is 0.2 bu. (G) The expression in modem form is the equation: - 

605 = 0. (C ) 



n -< 

^ C9 





13. A farm in the form of an isosceles trapezoid has its zheng chang 210 bu, 
xiao kuo 50 bu, and da kuo 92 bu. The farm is divided among Jia, Yi, Bing, 
and Ding. Jia receives 6352-|- bu, Yi 5037y bu, Bing 2162^ bu, and Ding 
I357y bu. Jia’ s section is first received from the top of the farm. Yi’s 
section follows Jia’s, Bing’s section follows Yi’s, and Ding’s section fol¬ 
lows Bing ’ s. ^^ Find the length and the width of each section. 

Ans. Jia’s section; 

length, 105 bu; 
width, 71 bu. 
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Yi’s section: 


length, 65 bu; 
width, 84 bu. 


7C 





4/0 


z.^^, 

mm, W?f;^,'^MtZ|g^^^o X: 

;<:c -WA+Am:^. ^ 

A*JF5:, X: ^#-"P 

-■S'-fc+AmA-. -:9-mPS, 

^#T«^0 -^f^o 



t/iSJ 


[I] Z. S. ieKeSS. b,; a,, a,. 

b,i fl,. fe,. Ilfclp; ti, = 92. fe, + fc, + A, + b. = 210, X (50 + «,) b, = 6352-i- . 

y(o, + Oj)bj = 5037^ . X ( o, + a,) b, = 2162-i- , -^ ( a, + 92 ) b, * 1357X , 

^1 . a, - 50 50 ^ ^ - 50 (« . 

210 92 - 50 ' 210 ■ 92 - 50 ' 210 92 - 50 ° 

[ 2 ] -. * 500 - 63525 = Oo ( RS ) 

[ 3 ] + 142t - 10075 = 0» ( ^ ) 

[4] + leat - 4325 = Oo CB^) 

[ 5 J + 17&t - 2715 = Oo ( ^ } 


I 

I 


Bing’s section; 
length, 25 bu\ 
width, 89 bu. 

Ding’s section: 
length, 15 bu; 
width, 92 bu. 

Process. Let the element tian be the length of Jia’ s section. From the 
statement we have 63525 for the negative shi, 500 for the positive fang, 
and 1 for the positive yu, a quadratic expres.siorf ^ whose root is the length 
of Jia^ section. Again let the element tian be the length of Yi's section. 
From the statement we have 10075 for the negative shi, 142 for the posi¬ 
tive fang, and 2 fen for the positive yu. a quadratic expression ’ ^ ^ whose 
root is the length of Yi ’ s section. Again let the element tian be the 
length of Bing ’ s section. From the statement we have 4325 for the nega¬ 
tive shi, 168 for the positive fang, and 2 fen for the positive yu, a quadratic 
expressions*^ whose root is the length of Bing’s section. Again let the 
clement tian be the length of Ding ’ s section. From the statement we have 
2715 for the negative shi, 178 for the positive fang, and 2 fen for the posi¬ 
tive yu, a quadratic expression^ * Whose root is the length of Ding^ section. 




-Q-# 
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(4-if ] 

1^210#, 'J'^501^, :*cm92-f-o T 

^*^R^2162y#, 1357i#o , 

-s-f^;i:.i^6. ft. To H: 

i-IS.#Wit65^, IS.#Wefl84ir: 
ft#.#A^i^fe25 1^, lS,#6^|ifl 891^; 

#5ij-63525 i(? 

500 3*?—1 #^>JTIS. 

#6*i-lfeo X: #S'J 

-10075T&lfM, 1423*1 —3*7# 

SijC-IS.#6*I-lfco X: ii3i3t:,-3*7ftlS,#6^-Jt, 
i!l-4325 3*7'I'lit^, 168 3*7 —Tfc^ #-4St, j3^ Jfc^ 
#f]ftlS.#W-lfec S(^i il^TO—3*7T«.#A^-lfc. 

#sij-2715 3<7'$'li:«, 178 3*7-^fc^ J 3*7ftS7it^ J-lfc, 

35r. #fijTlS.#6^-ito 


14 . 

[JISC] 

9^^“+E^o nr. 

N: m®, 

«K--hra3^. 





[ Notes ] 


[ 1 ] The sections of Jia, Yi, Bing, and Ding are all in the forms of a trapezoid. Let 
the width and the length of their sections be and and and and , 
respectively. From the statement we have = 92. fe, + = 210. + 

c, )£., = 6352-|-,-^(a, *a^)b^ = 5037j ,y(a, + a,)<>j = 2162^,^ (a, + 92) 
= 1357^. 

b, a, - 50 <>, + *, 0,-50 fe, + 6, + o, - 50 , ^ ^ 

210 " 92 -50’ 210 ■’ 92 - 50 * 210 92 - 50* 

[ 2 ] The expression in modem form is the equation: ^ SOO - 63525 s 0. (C ) 

[ 3 ] The expression in modem form is the equation: I4Zr - 10075 = 0. (C ) 

[ 4 ] The expression in modem form is the equation: + 16&x - 4325 s 0. (C ) 

[ 5 ] The expression in modem fonn is the equation: yx^ + 178x - 2715 s 0. (C) 
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14. From a hu Han with its xian 70 bu, and its shi 25 bu a smaller hu shiji 
which equals 26 bu is cutJ ^ ^ Find the xian and shi of the hu shiji. 

Ans. Xian, 24 bu; 
shi, 2 bu. 

Process. First find the diameter of the circle which is 74 bu^^\ then let the 
element Han be the shi of the hu shi Ji. From the statement we have 2704 
for the negative shi, 104 for the positive upper lion, 296 for the positive 
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[1] ieintBfK)ffi«i, s, c, v. tsig<:JLSW?^>sffiffl7^, sa 

^^s = ^(cv + i^) = 1187^0 iriiiiltBMfflm, c,. v,. m 

MM. =Xcc,v, + v^,) = 26 o(SP) 

[2] ig^]«<?L¥ii>pa>. "^KfgiiiW" zy^^va 

/^\2 /JQ.\2 

mn^mzvkd: rf = -^ + v=-^g—+ 25 = 74= (ip) 

[ 3 ] - 5 ^ + 296x> + 104jc^ - 2704 = Oo ( «-.) 

[4] Utep. c, = ~ *'t =24. (») 

V, 


[4-Tf 1 

®=fR:5<j26^= f"T: 

104?^;—296^^;i:^#, 

Jit'S 


lower lian, and 5 for the negative yu, an expression^ ’ 'of the fourth degree 
whose root, 2 bu, is the required shi. From twice the given area subtract the 
square of the shi. Divide this remainder by the shi. The result is the re¬ 
quired xian 



[ Notes ] 

[ 1 ] Let the area, the xian, and shi of the hu tian be 5, c, and v. According to the hu 
tian method in The Nine Chapters of Mathematical Procedures, the area is 5 = y ( cv 
+ )= 1187-^ . Let the area, the xian, and shi of the hu shi jibe S^,c^, and v,. From the 

statement its area is S, « ( c,v, + v^,) =26. ( G ) 

[ 2 ] According to Liu Hui's Commentary of “The Nine Chapters of Mathematical 
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Procedures ' and the gou gu ju yuan cai method of in the chapter gou gu of The Nine 
Chapters of Mathematical Procedures, we have the diameter of the circle d, that is, 

d = + V = + 25 = 74. ( G ) 

V 25 


[ 3 ] The expression in modem form is the equation: -5x* + 296x^ + ]04x^ - 2704 
= 0. (C) 

[4]Thatis.c, = ~ = 24. (G) 
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[msn] 

ttm-"FHW-+- 

«^A+^o 

^B: :f#AHA+A:^AW-t5j^iE 

3e. S-T-WEt^^^AlS, E::^iEIII, HIH 



[jiRI 

[l] jttEP: S=-i(cv + v^) = I312-Io (?P) 

[ 2 ] Sy - SSdr’ - 5250y + 6890625 * Oo ( K ) 

s 

l^m] 

^iz2679o 4'Ai$.<!(.{lJ-iifi.m, -if1312^^0 

r-1: 

#1*25#, 

tS:A>t—^fsij 6890625 
-5250^—-356jfr^;fc^f-4!t, ;?fra 


15. The circumference of a circular piece of land is 267 bu. A segment is cut 
off with an area equal to 1312y bu. Find the xian and the shi. 

Ans. Shi of the segment, 25 bw, 
xian, 80 bu. 

Process. Let the element tian be the shi of the segment. From the statement 
we have 6890625 for the positive shi, 5250 for the negative upper Han, 356 
for the negative lower Han, and 5 for the positive yu, an expression ^ ^ ’ of 
the fourth degree whose root is the required shi. 
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[ Notes ] 

[ 1] Thaiis.5 = -^(cv + »>*) = 1312^. (G) 

f 2 1 The expression in modem form is the equation: 5x* ~ 356r^ - 5250x* + 
6890625 » 0. (C ) 



16 . 

imu:] 

^z.o ^mm--0A-t-^0-^0z~, ^>«iRsw- 

-of’ l^: ¥, ^m? 

^H: 

7iiB: iinm^Zo ^#H+-:^-^EgwA+^Lj^ 

iE^, -^-WH+0j^ii±*. E^iEPS, H 

m:fr^z,'^' m^m^Ai 0 o mm, mz, m^\H^, 
^vj.m,z, sp^a^of’ X: ^^flm^:^o n 

~^Ai--7im=?-mB:f^^m, H^-WK t-^M_Em, 
hK^m, E^sps, ^^j3nz,^^^n^m^-tA0o 

BPz.«?^of’-A-Ro 



I'^m] 

[i]id¥@f«^¥£-«;t3ttEB&<iK. ^^mi3c,, V,; C,. V^. ¥, ZLPJfmm 

S,. jltBP: 5, =-E(c,v, + vp = 283^, 


16. A tract of land is in the form of a circle whose diameter is 90 bu. Jia and 
Yi each own a segment. Jia’s share is the segment of one base and contains 
283 ^ bu. Yi ’ s share is the segment of two bases and contains 526 ~ bu^ ' ^ 
Find the xian and the ski of each segment. 

Ans. Jia’s rW, 9 bu\ 
xian, 54 bu. 

Y\’&5hi,9bu-, 
xian, 72 bu. 

Process. Let the element tian be the shi of Jia’s segment. From the state¬ 
ment we have 321489 for the positive shi, 1134 for the negative upper lian, 
360 for the negative lower lian, and 5 for the positive yu, an expression^ 
of the fourth degree whose root, 9 bu, is the required shi of Jia ’ s segment. 
Reduce the area of Jia’s segment to an improper fraction, double it, and 
from the numerator subtract the square of the shi. Divide this remainder by 
the shi. The result is the required xian^ ^ ^ Again let the element tian be the 
shi of Jia’s and Yi’s segments taken together. From the statement we have 
2624400 for the negative shi, 3240 for the positive upper lian. 360 for the 
positive second lian, and 5 for the negative yu, an expressiort^ * bf the fourth 
degree whose root, 18 bu, is the required shi. Subtract from this root the shi 
of Jia ’ s segment; the result is the shi of Yi ’ s segment. Reduce to improper 
fractions the double Jia ’ s and Yi ’ s segments and from the sum of the nu¬ 
merators subtract the square of the large shi (Jia ’ s shi plus Yi ’ s shi ). Di¬ 
viding this result by the lai^e shi we have the xian of Yi ’ s segment ^ * I 
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+^i> = 526X„(?P) 

[2] : 5x* - 360*" - 1134x" + 321489 = 0= (BS) 

[3] (GS) iiSlK “fS 

jt" -r, m*?ho (m) 

[ 4 ] -5x* + 360*" + 3240*" - 2624400 = Oo (i^) 

[5]i?,3tK “mt.” ittiP: cj = =72An) 

[4-®] 

4'^--aisw, i^i9o-!^o 
526j#o I“T: 

-1134 3(1—-360 3(ri^JS#,|t, 5 3(l]g.®//l^$.^, 


X: iitX7C.-3b4^ 

4S(.^, #S']-26244003(;'|-^^, 3240 3{i— 

^Ifc, 3603(;x;X^^ifc. -53(iitSdt^Mlt, 3fra;X;5-. 


[ Notes ] 


[ 1 ] Let the xian and the ski of Jia* s segment be c, and v,, the xian and the ski of 
the segment that Jia and Yi shared and V 2 , and (he areas of Jia and Yi ’ s segments 5, and 
From the statement we have S, = ^ ^ ’ 

5^ = l(CjV, + --^(o.v, + v^,) = 526-^. (G) 

[ 2 jThe expression in modern form is the equation: 5x* • 360x^ - 1134^ + 321489 


= 0. ( C ) 

[ 3 ] Here it means subtract from twice the area of Jia* s segment the square of the 
shin and divide the remainder by the shi. (C ) The two characters hei thi ( double it) 
were lost, we add them according to the meaning of the text. ( G) 

[ 4 ] The expression in modem form is the equation: -5^ + 360x’ + 3240x^ - 


2624400 ^0. (C) 


[ 5 ] The two characters bet zhi (double) were lost, we add them accwding to the 


meaning of the text. That is, c. = 


2 (5. + - V 


2 _ 


= 72. (G) 
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17 . 

IJSSl 

A+^o^''Ks: 

^0: hA^^; 

7^:0: ir^TC—^iE^, 

—:^4rW't+H::tjA h*. Ai^-AWA 

AW-tAAH^, h+haat*. 

X: 2:A^-::^2.IKA, 5a^>^A. 1#At 
-+AmA. -^r^c 



liiiSl 

[1] ie^. z:^«:iifiE0Wffi^.. ^^siji^s,, s,j c,, v,.- c,, v,. HtW-. 

■S, = y tc,v, + vp = 31^. 5, =-^(c3v, + wp =90o(n) 

[2] BP: V, - V, = 3o (I?) 

[3] 

-5.t* + 33;r» + 207 a" - 966^ + 10773x2 + 35721 a + 35721 = Oo ( ) 

[4] -a2 + 16a - 60 = Oo (1^) 




17. Jia cut off a segment containing 31.i bu from the east side of a circular 
tract of land and Yi a segment containing 90 bu from the west side.^'' It is 
known that the shi of Jia’s segment is less than that of Yi’s by 3 bu^^\ Find 
the shi and the xian of each segment. 

Ans. Jia’s sW. 3 bw, 
xian, 18 bu. 

Yi’s shi, 6 bu\ 
xian, 24 bu. 

Process. Let the element tian be the shi of Jia’s segment. From the state¬ 
ment we have 3572! for the positive rht, 35721 for the positive/ang, 10773 
for the positive upper lian, 9666 for the negative second Han, 207 for the 
IK)sitive third lian. 33 for the positive lower lian, and 5 for the negative yu, 
an expression' ^ 'of the sixth degree whose root is the shi of Jia ’ s segment. 

Again let the element tian be the shi of Yi ’ s segment. From the state¬ 
ment we have 60 for the negative s/ii, l6forthe positive/ong. and 1 for the 
negative yu, a quadratic expression whose root is the shi of Yi’s 
segment. 



Yi*&xian 
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il®, if**^F,^90#o f-T: 

#.^241^0 

^^^'J 35721 , 

35721 10773 7(;—-9666?&^;^^ Mist, 207 

33i&i^fc^M*:, 

-51.: )a*»<R:$-)i-^-?t-#f =, ^S'J-60 

-1 S'j 6 

18 . 

[JSS:] 

5o;tisi@A^)-;t£o 4'T-iaiA:a^«-3)tt. ^ 

^=.4-00 

^z, am—, nM^mn. X; ^ 



[ Notes ] 


[ 1 ] Let the area, the x'tan^ and the shi of Jia* s segment be S,, Cy and , and the 
area, the xian^ and the shi of Yi ’ s segment be c,. and v^. Frcnn the statement we have 

^ '’P = 31^. s, =y(‘^2v, + vp = 90. (G) 

[ 2 ] ThaJ is. v, - v, = 3. ( G ) 

[ 3 jThe expression in modern form is the equation: -Sat* + 33^* + 207x' - 9666x’ 
+ !0773 j2 + 3572U + 35721 = 0. (C) 

[ 4 ] The expression in modem form is the equation: + 16x - 60 = 0. (C ) 


18. The sum of the areas of two circular tracts of land, one large and the other 
small, is6-^ mu !' 'The diameter of the small circle is only five-eighths that of 
the large. From each a segment is cut off the sum of their areas being 222-^ bu. 
The shi of the smaller segment is less by 3 bu than that of the large.^ ^' Find the 
shi of each segment. 

Ans. The large circle; 
shi, 8 bu; 
xian, 32 bu. 

The small circle: 
shi, 5 bu; 
xian, 20 bu. 

Process. Let the element rian be the diameter of the large circle. From the 
statement we have 1600 for the negative shi, and 1 for the positive yu, a 
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E'F'fcW-mrall. - 

m^mn, nz, vmAm'i^m, ? fw . 



ia4i 

[ i]i^±. 'mmmmy^d,. ^ 2 ^ ^->1 = 3. iitfiP:|rf=, + = 6 ^ h 

= i66Sji^, d, =-|-<o (K) 

[2]iSiA:*;. ?£. S^-. c,. v.s c,, v^. 

ittBP: S, + S, =-i{c,v. + v^, ) + ■^(CjVj + v*,) = 222-^. v, - v, = 3o (JP ) 

[ 3 ] jf -. ^ - 1600 = 0, (») 

[4] 

jt> - 14x’ - 753x^ + 5702r» + 18751 lx* - 226lS4x> - 12601450:r* - 42430800* 
+ 432915125 = Oo ( ) 

[5] l«;BP: C^= jd\- (d, - 2v,)* - 


[4-if 1 

XiT: 'J'lSj^^^^iaia 

i!i.:Jtil^81^. ^321^; 

^20#o 


quadratic expression whose root, 40 bu, is the diameter of the large 
circle. Five-eighths of this diameter is the diameter of the small circle. 

Again let the element tian be the shi of the small circle. From the state¬ 
ment we have 432915125 for the positive shi, 42430800 for the negative 
fang, 12601450 for the negative upper lian, 226154 for the negative sec¬ 
ond lian, 187511 for the positive third lian, 5702 for the positive fourth 
lian, 753 for the negative fifth lian, 14 for the negative lower lUm, and 1 for 
the positive yu, an expression ^ ^ ^ of the eighth degree whose root. 5 bu, is 
the required shi of the small circle. Multiply the shi by 2. Subtract this 
value from the diameter of the small circle, square the result, and subtract 
it from the square of the diameter of the small circle. The square root of the 
remainder is the xian of the segment of the small circle ^ ’ I 



[ Notes} 

[ 1 ] Let the diameter of the large circle be 4,, and the diameter of the small circle d^. 
Using TT = 3. From the statement we have*|* ^ = 6*^ mu s 1668-I" bu,dj = 

(G) 

[ 2 ] Let the area, the xian, and the shi of the large circle ’ s segment be 5,, c,, and v,, 
and the area, the xian, and the shi of the small circle s segment be and Vj. From the 
statement we have S, + = '2 ^ ^1 ^ ^ *2 ^ ) = 222 —, and - v, 

= 3. (G) 





4fJ>J-I600^tlt^. 

1 7{/]g:S<jt^M4fc, ^y:i5, ritfj.8, sp 

432915125 -42430800 -12601450 

-226154i*r^;fc^#,«:, 1875I!^raifc^?-lfc, 5702:Hli^fc 
-753:Sff7t<fc:«#,it, -l4S(;^^fc^^,4i, 1 

'j'Siast, st4.'i'il6^S£o 

19 . 

^o‘^’ f^; ffm. 

t^m=i-t>j>r.^j>, i'm t-^-^m^i 

^Ll-A^^'fc^-AW-t'tfZlii^iiHE+A^-TA'e'H+A^jIE 

A, -+A:?'tT"AW-i-AeAi^ 0 WA+H:^-+AmJi^. 
-:^-t;TA'S‘3:+ra^isT-HHAt:^AT'tWA+m-»,-w 
-+pq|Z,Si^-W A-hA:^ATA+lzg^^^Hil, AIZ.-^'■^4::+ 
Eg:^H^HHA+^j^pys, 0HA+E:^E4^A&Atra^^^^A 

m, ^mAAZ, 

vmftn, aifi, 

^AA^z, X; i^z, vm^^sZ, 'im 


[ 3 ] The expression in modem form is the equation: - 1600 = 0. (C) 

14 ] The expression in modem form is the equation: x* - 14x’ - 753x® + 5702x^ 
+ 18751 lx" - 226154x3 . 1260I45CU^ - 42430800X + 432915125 = 0. (C) 

[ 5 ]That is, 2vj )*• result was from ihe gou gu juyuan method 

in 7Vie Nine Chapters of Mathematical Procedures. (G) 


19. A circular tract of land has a circular pond of water at its center. The area 
of the land is 8 ^ wjm/ ‘ ^ The square of the shi jing exceeds the diameter by 20 
bu. A piece of land in the form of a section of a wheel is cut from the west 
side, and its area is 538 ( square ) Find the jie chi xian, the chi shi, the 
interior and exterior arcs, and the bo jing. 

Ans. Jie chi shi, 6 bu\ 
chi xian, 36 bu; 
interior arc, 37 bu 2 fen; 
exterior arc, 70 bu 4 fen; 
bo Jing, 14 bu; 
shi Jing, 10 bu. 

Process. Let the element tian be the shi Jing. From the statement we have 
700 for the negative shi, 20 for the negative fang, I for the negative Han, 
and 1 for the positive yu, a cubic expression ^ ' whose root is the required 
shi Jing. From this value we can easily obtain the diameter which is equal 
to 80 bu, and the diameter of the pond which is 60 bu. Twice the area of the 
tract of land in the form of a section of a wheel divided by the shi Jing is 
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X: m, vm'imz, m^m^h 


[1] iSilBB. /,. iltEP: -L/j-^/= = 8i. m = 2100^^. 

(fP) 

[2] iEiaiiH, d. iitEP: d‘-d^ = 200 

m>mL,, L,, !aij^»sffliWBiiWj|(i., *L,)d = 53 sit-oin) 

[3] ( n) x> - x^ - lox - loo 

= o.(m) 

[4] "0” Tz Bpo.6>to = 10. wijmm^ 

m^.d, = d^ - 2 o = m. %mf*^i^mzmL,*L, = 2-^^= 107.6 “W", 

“Sp". x-Z'm. "w jg “iip".. (S) 

[5] l£H'.^ffifflW, iiFftiaiflfertfittl -iHH. IJ:*eflfeo 

( ?P ) 2401x» + 82320x’ - 4955664x‘ - 922743360x’ - 

12451688064.1* + 2765453909760x^ + 18782984630016jr* - 2558300039838720^: + 
14099791755591936 = Oo ( 

[6liElBIft!lMlCg. c^, V,, * 

iaW 4 ;t«SIJ= c^=Jdl- (rf, -2v,)^ ..(?ti) 

[7] Iglf&W?iIi:-^K;t|aIW^o (SR) JttSitiSW# 

iiK. ie^c,. V,, flij V, = V, + rfo (Its) 



107 bu 6 fen. The result equals the sum of the interior and exterior arcs>*^ 
Again let the element rian be the jie chi shi. From the statement we have 
14099791755591936 for the positive shi, 2558300039838720 for the nega¬ 
tive fang, 18782984630016 for the positive upp>er Han. 2765453909760 
for the positive second Han, 12451868064 for the negative upper third Han, 
922743360 for the negative fourth Han, 4955664 for the negative fifth Han, 
82320 for the positive lower Han, and 2401 for the positive yu, an expres¬ 
sion of the eighth degree whose root is the required jie chi shi 6 bu. ^ t)oubIe 
this value and subtract from the diameter of the pond; square the result thus 
obtained and subtract from the square of the diameter of the pond the square 
root of the remainder is the jie chi xian. ^ Again twice the square of the 

chi shi divided by the diameter of the pond gives the chi zhou xian cha. 
Add to the chi zhou xian cha the chi xian, and we obtain the interior arc. 
From the sum of the interior and exterior arcs subtract the interior arc the 
remainder is the exterior arc Again, the sum of the jie chi shi and the shi 
jing is the tong shi!' *' Twice the square of the tong shi divided by the diam¬ 
eter is the wang wai zhou xian cha!^^ Subtract this quotient from the exte¬ 
rior arc, and the remainder is the tong xian! Again, subtract from the tong 
xian the jie chi xian, and one-half of the remainder is the bo jing! ’ ‘ ^ 
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[9] (.m) 



[ii]tfe^^^(c,-c,)«(») 

[^m] 

4"^—-RBI®, -K*: 

e ^itblSI B?6^ia^5 ? 20-?!»-o ® , 

538^^0 f-l: 

er#.l|^fi^^61^, ^36#; 
lo^o 

44^'J-700^t*t 

m, -20;j';-^^#4t, -I ^4-*, 1 itrlt*3t^4-iiL, 

[IIift.6^i^4601^o 5L: 

^4^'J 107.6 

14099791755591936 , -2558300039838720 ^4t, 

18782984630016 #.*, 2765453909760 ^~St, 

-12451868064 ^ e? /fc^ 4- *, -9227443360 il 4- it, -4955664 

82320 

-«-: 1^*8];*-*^^ ii3(1, ftisr»';iiiIiiL&^Aa, 


{Notes ] 

[ 1 ] Let the circumference of the circular tract of land be and the circumference 
of the circular pond ly From the statement we have * 2100 bu,(G) 

[2] Let the diameter of the circular tract of land be d^, and the shi jing d. From the 
statement we have if -df=2Q. Let the interior and extenor arcs of the piece cd land in the fcrnn 
of a section of a wheel be and L^.Then, the land * s area is-j (L, l^) d = 538 bu. (G) 

[ 3 ] Let the element tian be the shi jing. (G) The expression in modem form is 
the equation: - 20x - 700 = 0. (C ) 

[ 4 ] From the equation above, we have shi Jing d ^ 10, the diameter of Che circular 
tract of land is - 20 = 80, and the sum of the interior and exterior arcs of the tract of 

land in the form of a section of a wheel L + L, ^2 x 538 . . jt is unnecessary that 

Luo Shiiin changed character yi into ru. The character yi has a same meaning as ni. (G ) 

[ 5 ] When a piece of land in the form of a section of a wheel is cut. a piece of land 
in the form of a section of a circle in the pond is also cut. It is called jie chi. Let the element 
tian be the jU chi shi. (G ) The expression in modem form is the equation: 2401x^ 
82320-r^ - 4955664^^ - 922743360x* - 12451688064;^ + 2765453909760.*^ + 

18782984630016ix^ - 2558300039838720x + 14099791755591936 = 0. (C) 

[ 6 ] Let the diameter of the circular pond be d^ , jie chi xian , and Jie chi shi . 
From the gou gu Ju yuan cui method in The Nine Chapters of Mathematical ProcedureSy 
wehavecj _ 2v,)»- (G) 

[ 7 ] The difference between the arc and the chord of the circular potid.( C ) The Jie 

chi zhou is the interior arc of the land in the form of a section of a wheel L,. From Shen 

2v^ 

Kuo’s hui yuan method, we have the Jie chi's zhou xian cha , that is, L. - c. = —i- . 
From it we can have the interior arc of the tract of land in the form of a section of a wheel. 
And from note 4 we can have the exterior arc. ( G ) 


[ 8 ] The altitude of the segment of the outer circle.( C) The shi and xian of the hu 

tian that is cut from the circular tract of land are called tong shi and tong xian. Use for 

tong shiy and v, for tong xian. Then, v, = Vj + d. ( G ) 

[ 9 ]The difference between the outer circle and its chord.( C ) Again from Shen 

Kuo’s hui yuan method, we have zhou xian cha of the outer circle of the land in the 

2v* 

form of a section of a wheel. That is, - c, * -j-*- .(G) 

[ 10 ]Thc chord of the segment of the outer circle. (C) c, = L, - ( L, - c, i ( G ) 
[ 11 ] The bo Jing is-^C c, - ). (G ) 
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1 . 

[J13C J 

Ms: i^umA+EgA, 

0-tA. mx p ‘ i(si: 0 ? 

^0; —MAP. 

7^0: A+M 

H«S[= ^^0^: ftPlH^Ao ^#AAraWA 

il±^. -W-+HAM0. ^*^(¥1, j^A?f 

^#H^E^-tIi^o JP-BP0»o -g-fpJo'^' 

[asj 

[ijiCHfti^n. UA«tife, 6^-H!B*--'Mi(«-itt 

ip.„x64 + A„(„_i) x7 = 1864; VX^fl^, gm-BSS-Ml^n - I 
^ • 

iftlBP t^/i(fl + l) x64+A(n-l)n(« + l) x7] x3 

= 40392, (S) 

[23 3-^^ +67^^ - 1800 = oA BS) 

[3]“j|t^a#”. "^f"ft‘'Aa". A-ei'SiA^) 

7x’ + 213 j* + 59CU - 80400 = 0, (BS) 

[ 4 3 ittmmxms^mitm^iaT -. 

n [ 128 + (n - 1) 7] ^ 1864 ^^- 7„2 + i 2 i„ _ 3728 = 0, BP(n - 16)(7rt 
2 

+ 233) = 0, mXn = 16o (BS) 


Ru Xiang Zhao Shu ( Men Summoned 

According to Need ) 

5 Problems 



1. The government called some workers to build a dike. On the first day there 
were 64 men but the number of laborers was increased each day by 7. The 
total number listed was 1864. The food paid to each laborer was 3 sheng per 
day and the total amount paid out was 403 dan 9 dou 2 sheng. ^^ Find the 
number of days they spent on the work. 

Ans. 16 days. 

Process. Let the element lion be the base of ihcjiao coo pile (pile of hay ). 
From the statement we have 1800 for the negative shi, 67 y for the positive 
fang, and 3 y for the positive y«, a quadratic expression ^ whose root, 15, 
is the required base. This value increased by 1 is the number of days spent 
on the work. Solving according to the given amount of rice we let the 
element tian be the base of the san jiao (triangular) pile. From the state¬ 
ment we have 80400 for the negative shi, 590 for the positive/ang, 213 for 
the positive Han, and 7 for the positive yu, a cubic expression ' ^ ’ whose 
root, 15 , is the base of the pile. This value increased by 1 gives the 

number of days required. 


£ 

d. 


2 
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[ Notes ] 

[ 1 ] Let the number of days be n. As far as the number of the workers is concerned. 


we have a jiao cao pile with n - 
n X 64 ^ (n - \ ) 
we have a san Jiao pile with n - 


1 as a side of its base since the second day, that is, 

X 7 = 1864. As far as the amount of food is concerned, 
I as a side of its base since the second day, that is, 


-e-# 
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14-WJ 

y--^i If —Bi^64>^, gif— 0fe, # 
H^VvV. #A-^0 *i^^403.6 942ft-o R: 

^J'-? 

16 0o 

Ao ;^l^t^0*:c ^x^|t^0pi^.: >':^:ltp**.;^ 

^3^ S']-80400 590^-ik^^M, 

154-. *>1, 

0*0 


2 . 

[JSS;] 

4'W't^^^^T:^r'■’^a^, inStrSEK. ^A 

Bffi^ETA'&E+AA, 

ffi]: IS 3 ^K.H? 

^B: - |-0Do 

—fjp - BP 0 3So ^^HAS: 3:A7 c—JS?. 
m^Zo ^#A:^pg"PAffA+AAM^. A+ 

SAy.Am, -+AmT*. 

—j!lBnBP0iao -^l^o 

[ iiS I 

[l] ^1f’ ^^a?'J4^ 6^ 8', lO^-o(BS) 



r^rt(n+l) x64+^(n-l)n(n+l) x7] x 3 = 40392. (G) 

[ 2 ] The expression in modem form is the equation: 3~x‘ + 67 yx - 1800 = 0. 

(C) 

[ 3 ] It is unnecessary that Luo Shilin changed the character zhe of mi qiu ri zhe into 
shu yue. ( G ) The expression in modem form is the equation; 7x’ + 213x^ + 590* - 
80400 = 0. ( C ) 

[ 4 ] The solution in modem form is as follows: 

—- — -LLZJ = 1864 or 7n^ + 121 m - 3728 = 0. That is, 

2 

( n - 16 ) ( 7n + 233 ) * 0. Therefore, n = 16. (C ) 

2. The government summoned an army according to the pingfang^' ^ progres¬ 
sion beginning with a square whose side was 4 the first day and increased it 
each day by 2.^ * * The pay of each soldier was 1 liang 2 qian per day. The total 
number summoned was 4956 and the silver paid out was 26040 liang. ^ ' Find 
the number of days since the summons was sent out. 

Ans. 14 days. 

Process. Let the element tian be the base of the san jiao pile. From the 
statement we have 7356 for the negative shi, 73 for the positive/ong, 21 
for the positive lian, and 2 for the positiveyu, a cubic expressions^ Whose 
root is 12. This number increased by 2 is the required number of days since 
the summons was sent out. In solving from the amount paid out, let the 
element lian be san jiao luo yi di zi. From the statement we have 64896 for 
the negative shi, 236 for the positive95 for the positive upper lian, 16 
for the positive lower lian, and I for the positive yu, an expression S *' of 



r ^ 
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[2] igs:t, e)>:a^^2R. mv-. 

^ 

trjH*-ffi4. fic¥-:6-ffi: 4^ » 16 

20 

1ka:^m02 6^ = 36 8 

28 

'~B:^-m02 8* = 64 8 

36 

pqB:^rffl ^2 io^=ioo 

A,, t^. trR^^^^^^|B^ 

fin) = /ii4|+^(n - I)n4j+-^(n-2)(n - 1) n A, 

= n X 16+'^{n-l)nx20+-^(n-2)(n - l)nx8 = 4956o (IP ) 

[3] "-M-®" IP1.2W= iE^BSSSa^m. 

gin) = [-^nCn+l) <l,+'^(rt-l)n(n+l) ^ 2 +'^(”- 2 )(n 
-l)«(«+l)4j]/n = [^n in * J) xl6+i(n-l)n(n + l) x20 + 
^(n-2)(n-l)/i(n+l) x8] xl.2 = 26040o (IP) 

[4] lx* + 21x^ -f 73x - 7356 = 0,im) 

[ 5 ] + Idr’ + 95x^ + 236* - 64896 = Oo ( ) 


14 -#] 

2X.O ^2^0 £-48*4956^, i#.26040S^o l"1: ^ 

14 0 0 


the fourth degree whose root, 12, is the san jiao luo yi di zi- This root 
increased by 2 gives the required number of days. 

[ Notes ] 

[ 1 ] Square, the scries, 4^ 6 ^ 8 ^ 1(H •**. (C) 

[ 2 ] According to the statement, we know that the side was 4 the first day and in¬ 
creased each day by 2 in a ping fang progression. Namely, 

difference d, ^3 

the soldiers summoned according 
to the ping fang progression and 
the side on the first day was 4: 

4^ s 16 

20 

the side increased by 2 on the 
second day: 

6 * = 36 8 

28 

the side increased by 2 on the • 
third day: 

64 8 

36 

the side increased by 2 on (he 
fourth day: 

ICP * 100 

d,. d^. d 3 are the first difference, second difference, and the third difference 
respectively. All the third differences are equal. And this is a inoblem of the erjie zhao cha 
(method of finite or divided differences in two degrees 1 According to Zhu Shijic’s for- 
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mula of zhao cha, the number of soldiers summonded within n days is as follows: 


m 

4^ 
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73:^ —21 7^^;5^, 4? 

^^^'J-64896ifl'l'it^, 236^<?-^fc^ 
95 3f?—1^3g.ift;/:^#.lt, 7fB9 
;^55-. -^fJ'J^AJS---^-?-12>ho **2, *t4.EI*:o 


3. 

[/13tl 

A0^?itra?i-o emramwEA, m 

3f£4B? 

^0: -ASRo 

7^0: ^#Eg4AW0+A^^^3E. 

0+AAi>k:^, -+-mas, 

-+H4o Im-EPBfto ^^BAB: 

HW-A7Vm:^r, -W- 
-AAmT*, “^^APS. 


/(n) = nd,+'^(n - l)n4j + '^(n-2)(n - l)nd, 

= «x 16 + ^(n - l)/ix20+^(/i-2)(« - l)nx 8* 4956. ( G ) 

[ 3 ] 1 Hang 2 qian is 1.2 tumg. As far as dte amount of silver was concmied, and m 

was the amount paid out every day, the total amount of silver was 

^ ( n ) = [ -^n (n + l)4, + -^(n-l)n(n + l)iaj + n - 2 ) ( n 

-l)rt(n+l)4j]m = [-^fi (n+l) x 16+-^(n-l)n(« + I) x20 + 

-^(n-2)(«-l)n(n+l) x8] xl.2 = 26040. (G) 

4! 

[ 4 ] The expression in modem form is the equation: 2*^ + 21x^ + 73x - 7356 = 
0.(0 

r 5 ] The expression in modem form is the equation: x* + Idr* + 95x’ + 236x - 
64896 * 0. (C) 


3. The government summoned soldiers for public affairs according to the yuan 
jian shu progression. The circumference of the first round was 12 and each 
succeeding circumference was increased by 6.^' ^ Each soldier received for 
his ration 4 sheng of rice. 4905 soldiers were summoned and 931 shuo 2 dou 
of rice were paid out.^^ Eind the number of days since the summons was sent 
out. 

Ans. 15 days. 

Process. Let the element tian be the base of the son jiao pile. From the 
statement we have 4849 for the negative shi, 48 for the positive fang, 12 
for the positive lian, and 1 for the positive yu, a cubic expression^ ^ Hvhose 
root, 13. is the required base. This root increased by 2 is the required num¬ 
ber of days since the summons was sent out In solving from the amount 



[fim] 

s = X(; + 6) / + U U!J0 12M. E)CBE^#6H, itfcEP: 

* 


tyB^i2, jeiaffija; -^(12 + 6) x 12 +1 = 19 


iksijm06 


^(18 + 6) X 18 + 1 = 37 


18 


24 




-L(24 * 6) X 24 + 1 = 61 


A 


} 


6 


6 


30 

0P:^ffi^6 -jL(30 + 6) x30 + I =91 

A,, A,, A,^Wl&tM. +^. T^, 


/(n) s n A , + l)n4j+'^(n-2)(rt - Ortid, 

= nx 19+^(n - l)nx 18+-;^(n - Din - l)nx6 = 4905o (?R) 

gin) = [^n(n + 1) d, + i(n - l)n(n + 1) A ^ +-^ in - 2) in 

-l)n(n+l) Jj]»i = [-^^n (n+1) x 19+'^(n-l)«(n+l) xl8 + 

i(n-2)(n-l)/i(n+l)x6]x4 = 93I20o (§P) 

4! 

[ 3 ] ^ + 12*= + 4&* - 4849 = 0„ ( BS ) 

^ + ISx’ + 121 j= + 328^ - 92820 = Oo () 


(4iil 


of rations, let the element tian be the base of the san jiao luo yi pile. From 
the statement we have 92820 for the negative shi, 328 for the positive fang, 
121 for the positive first lian, 18 for the positive lower Han, and 1 for the 
positive yu, an expression of the fourth degree whose root, 13, is the 
required base. This value increased by 2 gives the number of days. 


[ Notes ] 

[ 1 ] Let the circumference and the total number of the yuan jian ( round arrows- 
bundle) be / and S. From Yang Hui *s yuan jian method in the Tian Mu Bi Lei Cheng Chu 
Jie Fa, we have S 6) I I. The problem is concerned about soldiers sum¬ 

moned by yuan jian shu, and the circumference of the first round was 12 and each succeed¬ 
ing circumference was increased by 6. That is, 

difference d, d^ 

the first round was 12. and summoned soldiers 
according to yuan jian shu: 


■jL( 12 + 6) X 12 + I = 19 


18 


the second round increased by 6: 

1 


( 18 + 6) X 18 + 1 * 37 


24 


the third round increased by 6: 

1 


-j^(24 + 6) X 24 + 1 = 61 


30 


the fourth round increased by 6: 

■jL ( 30 + 6) X 30 + 1 = 91 

dj, ^are the first difference, second difference, and third difference respectively. 
All the third differences are equal. And this is a problem of the erjie zhac cha ( method of 
finite or divided differences in two degrees i According to Zhu Shijie * s formula of zhao 
cha, the number of soldiers summoned within n days is 



443 





444 


6Xo 4A#g#§-4f|-o 6-18* 4905A, Xj|t931 *jl2-4*o f^: 48*9 

15 So 

4^: »';^d^>4t^:T^*^*)|f,.^fSlJ-4849:^iJ'tM, 

48i{j-ifc^#.^, 

!3>^o *>2^j|.S4a:o v:^ 3|L^S4^-: iS:Aj;t— 

vU*.4R^>i-^*)lfo -ffi'J-92820 328 

#,4i, 121:Sff—1 ■?^ 

l3>ho *»2. 


4. 

[JiS:l 

tnm.nmiiK, 

effl-^prawra+A. 

^0: -+SBo 

rWS+H^^M:^^, ^+AA-A*. -AiARfl. 

H^;^^-AH4ofcBP0 3S= ?tt^0A0: i^ATU-AH^^ 

^#sAHHA+'t:^pgAAw^AA^3e, -tA 
HAHWAAA*ii.:6r. H:^AA'tWHASAAAm. 'fcAA'^S 
+AA:::i(i, 4:WEmT*. -+0mps, 

M-S9Bm.. ^fsjo 


^ n y> 19+^(« - l)nxl8+-^(«“2)(«-l)nx6a 4905. (G) 

[ 2 ]As far as the amount of rice was concerned, and m was the amount rice paid out 

every day, the total amount of rice was 

gin) = [•;^n(n + J) + l)n(n+l) + 

- \ ) n (.n + \ ) ^ ^] m = [-^n (n+l) xl9+.^(n-l)«(n+l) xl8 + 

^(n-2)(n-l)/j(n+l) x6] x4 = 93120. (0) 

4! 

[ 3 ] The expression in modem form is the equation: + 12 j:* + 48x - 4849 * 0. 

(C) 

[ 4 ] The expression in modem form is the equation: x* + 18x’ + lllx^ + 328x - 
92820 = 0. (C ) 


4. The government summoned men for the army and they came each day 
according to the ping fang progression. On the first day a side of the square 
was 5. On each succeeding day the side was increased by 1.^' ^ Each soldier 
received 3 sheng of rice the first day and 3 additional sheng on each succeed¬ 
ing day. Finally 2440 men answered the summons and the rations paid out 
were 4477 shuo 3 dou 2 sheng Find the number of days. 

Ans. ISdays. 

Process. Let the element tian be the base of the sanjiao pile. From the 
statement we have 14274 for the negative shi, 253 for the positive/a«g, 39 
for the positive lion, and 2 for the positive yu, a cubic expressiorf ^ Vhose 
root. 13, is the required base. This root increased by 2 gives the required 
number of days. For solving from the amount of rations given out, let the 
element tian be the base of the san jiao lanfeng pile. From the sUtement 
we have 53674920 for the negative shi, 73386 for the positive/ang, 36735 




445 


[jiSJ 

T^mA„ a,, a,: 

m A, a, a, 

l?J0:a-®5, 5^ = 25 

]] 

6’= 36 2 

13 

j£0:^®^l 7* = 49 2 

15 

saB:^B0i 8^ = 64 

4,, a,. a3^j-i8iJJi25, II, 2. iXifejS-i'-ltfrMifnJIg, fR}g5fets^69 
n yi, 

/(n) = n A , *-^(n - I ) n A ^ (n - 2) ( n - I) n A^ 

= nx25+X{„-l)„xlI+i(n-2)(n-l)nx2 * 2440„ ( ?p ) 
r2]aSBi?K, J:ffiit«:M5^ = 25, 6= 

= 36. 7*-6^= 13.C8^-7^) - (7^-6^ =2. MlHWl, 2. 3. 4, mfj25. 
72. 39, 8fp^±^A,, -mA^. H^a,. T^a„ 

n (n)^^«(n) = [^n(n + l)a, + -i(«-l)n(M+l)aj 

+ ^(n-2)(n-l)n(n+l)a,+^(n-3)(n-2)(«-l)n(n+l) 
A,] X 3 = 149244 x 3 = 447732o ( n) 

[ 3 ] 2r> + 39x» + 253^ - 14274 = 0„ ( ) 

[4] 

24x^ + 705 j:* + 795Qx’ + 36735:^ + 73386x - 53674920 = 0= () 


for the positive upper liarty 7950 for the positive second lian, 705 for the 
positive lower Han, and 24 for the positive yu, an expression^ ^ ^of the fifth 
degree whose root, 13, is the required base. This root increased by 2 gives 
the required number of days. 

[ Notes ] 

[ 1 ] According to the ping fang progression, one first calculates the first difference 
d,, the second difference A^, and the third difference Ay 

difference J, A^ A^ 

the side was S the first day, and 
according to the ping fang 
progression: 3^ s 25 

11 

the side increased by 1 the 
second day 

36 2 

13 

the side increased by 1 the 
third day 

r = 49 2 

IS 

the side increased by 1 the 
fourth day 1 

8 ^ 64 

A^, dj, d^ are 25, 11, 2 respectiyely. This is also a problem of the erjie zhao cha 
( method of finite or divided differences in two degrees). According to am Shijie *s for¬ 
mula of zhao cha, the number of soldiers summoned within n days is 

/(n)=nd,+^(n - l)ndj+^(rt-2)(n - \ ) n A^ 

snx25+^(n - i)nx lI+^(/?-2)(n“ I)nx2 = 2440. (G) 
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(4-i?] 

X-oIi3^ —aM^aJt*j3^o e-4s*244o>^, i 

^^4477il3 + 2^„ f»l: ■i§:^a^^:>'? 

15 Bo 

-ffSiJ-14274 

253if; —39 31;—^fc^^.4fc, 2 3&|E.i^^fc^#.4!t, 3f-iL 

*'2:^;iaii:o ia:X.3L 

«*>^P.;!r>i-^*l«fo -ff S']-53674920 3{;'$-^^. 
73386 31;-■*.^^41. 36735 3?;—79503(;^J^^MIfc, 705 

24 3(;*ftJi:^#-^. 7^iL;Xp5^, 

*>2, *tAa4fco 


5. 

-WE+^to e^-:^H^p«3WA. r^: 

^B; -+ES„ 

AB: ^Atc—IST, ^tIl#^^:<:. WAE—^-fc^H+A 
AWA+mtr, -WA+-m±*, 

-AiEPS, tranapBiSo 

^^0^0: t#EWA+- 

:^A'S‘Eg+*^^, -*E‘A^Hi‘A+rm:^r, A^PzwA+m 


[ 2 ] According to the rice paid out every day and increased in each succeeding 
day. this is lanfeng pile. Multiplying 5^ = 25.6^ = 36.7^ - 6^ = 13, ( 8^ - 7^) - (7^ 

- 6M - 2 by 1.2.3.4 respectively, we have 25, 72.39.8 as the first difference 4,. the 
second difference ^^.the third difference 4,. and the fourth difference 4^. According to 
Zhu Shijie ’ s formula of zhao cha, the total amount of rice within n days was as follows: 

g(^) = + l) + l)rt{/i + I) 42 + ^(rt-2)(n 

- l)rt(n + 1) 4, + -^(n-3)(n-2)(n - !)«(« + 1) 4j x3 = 149244 

W • 

X 3 = 447732. ( G) 

[ 3 ] The expression in modem form is the equation: 2t^ + 39jr^ + 253j: - 14274 
= 0. (C) 

[ 4 ] The expression in modem form is the equation: 24** + 705*^ + 7950*’ + 
36735** + 73386* - 53674920 = 0. (C) 

5. The government summoned men for the army according to the It fang pro¬ 
gression beginning on the first day with a cube whose side was 3 chi. On each 
succeeding day the side was increased by 1. The pay of each soldier was 250 
cash per day. The total number summoned was 23400 men and the money 
paid out was 23462000 cash. Find the number of days since the summons was 
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sent out. 

Ans. 15 days. 

Process. Let the element tian be the base of the sanjiao luo yi pile. From 
the statement we have 92736 for the negative s/ii. 660 for the positive 
181 for the positive upper Han, 22 for the positive lower /ran. and 1 for the 
positive yu, an expression ^ of the fourth degree whose root, 12, is the 


m 

7C 

s. 

£ 

# 
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+—iniHEPHjiao m 

«H: *-:a=T-raWA. «::;:^~T-raWA+-iff. TftB: 
±m-+-t, -m=+±. H«-+i!g. t^Ao'” 4-fBj^±mo x4-js«- 

^-m.c th=$io ^ 

Tsi» ^x€6#: tf3.tm. 

R'^ism-^-.inmfW-., *-iR= x^fflaSH^^n 

vA&nm&m. vsiiL^tZc mn. BP^9i«^» 

it,’” -oISJo 


[fim] 

[ I ] X* + 2ze + 181x* + 66Qr - 92736 * Oo ( ^) 

[ 2 ] = 

ax’ + 90*" + 1075jr’ + 6390*^ + 18361r - 5610840 = Oo () 


[3] 5feit»±. 



tJjP:ftrffi3. seij^rffl: 3’ ='27 

4’*64 

5’= 125 


E0:^ffi^l 6’= 216 


37 

61 

91 



24 

30 

36 


127 




4 


6 

6 

6 


S0:5-ffi^l 7» = 343 42 

J,, ilj, 4,. J,^^5!|;t27 . 37 , 24 . 6o (15) 


required base. This root increased by 3 gives the required number of days. 

In solving from the amount of money paid out, let the element tiun be 
the base of the san jiao sa xing pile. From the statement we have 5610840 
for the negative shi, 18362 for the positive fang, 6390 for the positive up¬ 
per lian, 1075 for the positive second Han, 90 for the positive third lian, 
and 3 for the positive yu, an expression of the fifth degree whose root, 
12, is the required base. This root increased by 3 gives the required number 
of days. Note. Conversely: If the government summoned men for the army according 
to the /i fang progression beginning on the first day with a cube whose side was 3 chi 
and increasing the side each day by \ until it was IS chi, the pay of each soldier being 
250 cash per day, what was the total number of soldiers summoned and what the amount 
of money paid out? 

Ans. Soldiers summoned, 23400; 

money paid out, 234620UU cash. 

Process. Find the first difference 27. the second difference 37, the third difference 
24, and the fourth difference \ then call the number, IS, which is a side of the last 
cube, the first sum (.h^ ); the sum of the jiao cao pile whose base is IS less 1, the 
second sum ( 11^ X the sum of the san jiao pile, whose base is IS less 2, the third sum 
( ); and the sum of the san jiao luo yi pile, whose base is 1S less 3. the fourth sum 

( TIH ). After multiplying each sum by the correspmding difference, add the products 
together. The result is the number of soldiers summoned.*^^ To find the amount of 
money paid out. take the number 15, which is a side of the last cube, for the first sum; the 
sum of the jiao cao pile, a side of whose base is IS less 1. fOT the second sum; the sum of 
the san jiao luo yi pile, a side of whose base is 1S less 2, for the third sum; and the sum of 
the san jiao sa xing pile, a side of whose base is 15 less 3, for the fourth sum. After 
multiplying each sum by the cenresponding differ»)ce, add their products and multiply 
by the amount paid out per day. The result is the total amount paid out' ’ I 



c/s 22 





C/9 
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[ Notes ] 

[ l ] The expression in modem fonn is the equation; jc* + 22x^ + 18 lx* + 660x - 


-B-# 
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[4j 3^ 4\ S\ 
27. 64. 125. 216 
37, 61. 91 
24 30 
6 


<f, = 27, rf, = 37, d, = 24. d, = 6o 
15^±^^. 5RS,. 


5 _ 15 5 - 14 • IS _ 5 _ 13 “ 14-15 

- 15. S, - j .2 - 105. S,- , . 2.3 

S,=i2li3j_14j_15 = 1365. 

5,rf, = 15 X 27 = 405 


455. 


Sj</j * 105 X 37 = 3885 


S,</, * 455 X 24 = 10920 


SX * 1365 X 6 = 8190 
23400.SPIB» (B^) 

«D«ffl:S38E/<n) % 

fin) »nJ| l)nJj+-^(n - 2)(n - l)rtJj+^(n-3) 

(n-2)(«-l)nJ,«nx27+^(n-l)nx37+^(M-2)(n-l)nx 

24+X(„_3){„-2)(n-l)/»x6* 23400o (IB ) 

4! 

[5]ie#0i^*m. n^f^^migin) % 

^ (n) = [i n(rt + 1) +^(ff“ l)n(n + 1) A ^ in - Din - 

\) n in •¥ 1) 4j+‘^(rt-3)(/i-2)(n - \ ) n in * 1) A m s [^n in 
+ 1 ) x27+^(n-I)n(n+l) x37+^(n-2)(n-l)«(rt+l) x 
24+-i(«-3)(«-2)(«-l)«(n+l) x6] x 250 = 23462000= (IB ) 


92736 s 0. (C ) 

[ 2 ] The expression in modem form is the equation: + 9(ir' + 1075x^ + 6390n:^ 

+ I8362x - 5610840 * 0 (0 

[ 3 ]Fir$t calculate the first difference \ the second difference the third differ¬ 
ence dy and the fourth difference 

difference d^ d^ d^ d^ 

the side was 3 the first day, and 

according to the it fang 

progression: 3^ = 27 

37 

the side increased by 1 the 


second day: 4^ = 64 24 

61 6 

the side increased by 1 the 

third day: 5^ * 125 30 

91 6 

the side increased by I the 

fourth day: 6^ * 216 36 

127 6 

the side increased by I the 

fifth day: 7^ » 343 42 


d^, 4^. 4 are 27, 37,24,6 respectively. All the fourth differences are equal. So 

this is the si ci zhao cha problem. ( G) 

[4] 4^ 5\ 6^or 

27, 64, 125,216 
37,61,91 
24 30 
6 

d, = 27. 4 * 37. 4 = 24. 4 = 6 



e/9 s 

SS § 

n 

M 09 




e/9 
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l^m] 

X.O ^>^-§:9X'iS.250i:o 23400 A, 23462-fo l"T: ■^8A 

15 Bo 

-92736 

660i!;—181?ff—22^-S.^fc^^-^, 1 

It. a 4i:;^C: 

)lf= -5610840^1^41^, 18362 7^^-^fc^#.4t, 6390^ — ;*.^ 
#-4t. 1075?<;^:^^M4fc, 90^ra*^*4fc, 3^f;]E:iftjJt^#,4t. 71- 
iJJt;?-, !2^o *>3, ^Aa4t. 

^^43^. J|5-a»RR;r*3^. D JP-05*1^9 4 1 ^o *^44t*fc4«*«:o 
SL.^48 15 :i-. ^/.^0 t«.250io f-T: 48**5. 4 T'? «•: 48* 

23400A. *.«.23462ir, Ji4 27. ^A37. Xjl24. Ti6.. ^ 

48**: St^48*0*AJi*o Xfl!.*48*0*i*.13lFS.4:;fe-f4R. X. 

J5l448*a**2 3^.S-/^*-f4R. X.fltA48*a*Ji(.33&5.)ft*-4P>, 

>!;T4r, w^4s*». 4t4.48**o ^4.4^1*: >ii«.4.48*0 

XS?.4t4a*0*iitl;Hr5.ftA-f-*, >&-4 Ro X.«.-fi.48* 
0*i4i2^5.;%*-*. ?&.=.4 Ro XSti.48*0*i4(.3 j&X«*4.4R. ^T4Ro 
e9-i±48*», »r4?, *fX-§-9i«.**.4L, 


15 is the first sum or 5, 

14 a side of the jiao cao pile. 


13 a side of the san Jiao pile, 

and 12 a side of the san Jiao luo yi pile. 

S, = 15,5, = ' 1^ - = 105,5, = - 3^ 


I —1.2 

12 • 13 • 14 • 15 


= 455, 


5 .= 


1 •2-3-4 


s 1365. 


S,</, = 15 X 27 = 405 


5/j = 105 X 37 » 3885 


Sjd, = 455 X 24 = 10920 
5X = 1365 X 6 * 8190 
23400, Ans. (C) 

According to Zhu Shijie’s formula of zhao cha, the number of soldiers sum¬ 
moned within n days was fin) = n4,+'^(/i-l)nJj+^(n-2)(n-l) 
nJ,+^(n-3){/i-2)(n-l)/j4, = /ix27+^(n-l)nx37 + ^(n 
-2)(n-l)nx24+^(n-3)(n-2)(n-l)nx6 = 23400. ( G ) 

[ 5 ] Let the amount of money paid out every day be m. According to Zhu Shijie *s 
formula of the method of finite or divided differences, the total amount mony paid out in 
n days was g (n ). And g(n) s [^n(n + 1) 4,+*^(n-l)n(n + 1) ^ 2 *’* 
^(/i-2)(n-l)n(rt + l)4,+^ (rt-3)(n-2)(n-l)n(/i + l) 
A^]m= [-^nin + 1) x27+^(n-l)n(n+l) x37+^(n-2)(n- 
l)n(n+l)x24+^(/i-3)(n-2)(«-l)n(n+l)x6]x250 = 23462000. 
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4T 

1 . 

[/i*l 

g^-WHW-+S:= H^: M±-^J:^-S;. 

®B: 

-f-m:)?. -+EgmTm. 

t)±Hl 

[1] -^Mi^ffinmZ^^; S. = 'tjii(i+ I) =^rt(«+ l)(/! + 2), llt:S 

d, =Z»(/+ i)[fl+ (» + !)</] i> 

* “• 

(n *2)[3dn + (4o - 3J)1, lA.t°i’¥a = 2. rf = 1. 

(n + n(n + 2)[3xl xn + (4x2-3xl)3 = 1320o ( fP ) 


[2] 3jt" + I4x" + 21x* + lOr - 31680 = 0„ (^) 


[4“itl 

-tt'IS.! It320il„ HIT 

1 i:„ s^: 

9^0 



BOOK HI 

Guo Duo Die Gang ( Piles of Fruit ) 

20 Problems 


I. Apples are piled in the form of a triangular pyramid and the price of the 
whole is 1320 cash. The top apple is worth 2 cash. Each apple in a layer costs 
1 cash less than an apple in the next layer below1 How many apples are 
there in the pile? 

Ans. 9. 

Process. Let the element tian be the number of apples in a side of the base. 
From the statement we have 31680 for the negative shi, 10 for the positive 
fang, 21 for the positive first lion, 14 for the positive last Han, and 3 for the 
positive yu, an expression of the fourth degree whose root is the re¬ 
quired number. 


[ Notes ] 


[ 1 ] The sum of the fonner n terms of the pile is S * * ^ ^ *^ * ^ ^ 

1 X n + 2 ). It is a sum problem to multiply every term of a pile in the form of a triangular 
pyramid by every term of an arithmetic scries in order. Let the first term of the arithmetic 


series be a , and difference d. The sum formula used by Zhu Shijie is as follows: 5^ ^ ' 

(i+ l)[fl+(i+ l)rf] + l)(/i-f2)[ idn + (4<7 - 3<^) 1 In ibis prob- 

^ 4 

lem 0 = 2, and d= \ ■ Then the price of the whole for the pile with n layers is ^ n (n + 
l)(/i + 2)[3xl xn + (4x2-3xl)] = 1320. (G) 

[ 2 ] The expression in modem form is the equation; 3x* + 14x’ + 21x* + 10* - 
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31680 = 0. (C) 




-31680;5&'|‘^t^. 10jJ&—ifc^#-it, 21 3&— 
3^|ti^;ifc^.%4fi:. fpw^fc;Sr, 
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2 . 

[JSAI 

^-^c, f«i: m^mmmi 

^Bi :fL'^o 

-mi:*, -mr*. -msi. 

[affi 

[ 1 ] \mmiikmnmzm^-. 5=1/ x i =in(n + 1 )(2« + 1 )« iitjira^^^ 

• r-J 3J 

=± 1 ^* - (n-i)]d) =-in(n+ l)[(2n+ l)b- 

|(«- ] jttisi^^mb= ], d = -2, («+ 

l)[(2rt+l) xl--^<n-i)nx (-2)] * 1365= (IP) 

[2] J* + + le + ^ - 8190 = Oo (fiS) 


I4*if ] 

-tta lit 365^0 

9'^o 


i 


2. A pile of apples is in the shape of a pyramid^' Vhose base is a square. The 
cost of the whole is 1365 cash. Each apple in the bottom layer is worth only 1 
cash. Each apple in the next upper layer costs 2 cash more than those in the 
layer below. Find the number of apples in a side of the base. 

Ans. 9. 

Process. Let the element tian be the number of apples in a side of the base. 
From the statement we have 8190 for the negative shi, 1 for the positive 
fang, 2 for the positive first lian, 2 for the positive last lian, and 1 for the 
positive yu, an expression of the fourth degree whose root is the re¬ 
quired number. 


[ Notes ] 


[ 1 ] The sum of the former n terms of the pile is S = x i n + 1 )( 2n + 

1*1 


I). It is a sum problem to multiply eveiy term of a pile in the shape of a pyramid whose 
base is a square by eveiy tenn of an arithmetic series in order. Let the last term of the 
arithmetic series be b, and difference d. The sum formula used by Zhu Shijie is as follows: 

S [b ~ ( « - I)] d) n(rt + l)[(2n + l)* - -yC n - 1) m/i In 

this problem, b = 1, and d = -2. Then the lost of the whole for the pile with n layers is 
Xn (n + 1 ) [(2« + 1) X 1 -l(n - 1) n X (-2)1 = 1365. (G) 

[ 2 ] The expression in modem form is the equation ^ + 2x? + x - 8190 = 



tv 

c/» 
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'Tl 

tv 
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3. 

siE^pg+^ot'i f^i: ;^i^A{si? 

ramrai. -^^ieps, 


% 
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[iin] 

[1] lltBP: S = i:^n(n+ l)(2n + I) =r-^(n+ !)«(« + l)(« + 2) 

" -I -’! 3! X 2 

= 540o ( S5) 

[2] X* + 4x» + 5x» + 2x- 6480 * 0„ (US) 

r4^ii] 

*^R540^o l"T: 

8>^c 

-64807(1'if’itJ®. 2 Xj— 5^(;—f.*:. 4?(;^;fc^S.41:, 

1 


4. 

[JSA] 

^0; A'l^o 



3. The number of apples in a pile of a si jiao luo yi form is 540.^'' Find the 
number in a side of the base. 

Ans. 8. 

Process. Let the element tian be the number of apples in a side of the base. 
From the statement we have 6480 for the negative shi, 2 for the positive 
fang, 5 for the positive first lian. 4 for the positive last lian, and 1 for the 
positive yu, an expression of the fourth degree whose root is the re¬ 
quired number. 

{ Notes ] 

[ l ] That is, S, = Z^n(n + I)(2 m + 1) = n + + l)(n + 

2 ) s 540. (G) 

[ 2 1 The expressitMi in modem form is the equ^on: jr* + 4 jP + 5x^ + 2 j: - 6480 
= 0. (C) 




4. The number of apples in a pile of the san jiao lanfeng form is 630.''' Find 
a side of the base. 

Ans. 6. 

Process. Let the element tian be a side of the base. From the statement we 


Jade Mirror of ttte Four Uni 


■7\m 


Am:)?, H+5m±3i. E+m-*, ^AEmHH, m 
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[am] 

[ I ] Jtt:BP:X:n‘ («■ + 1)(« + 2) X i =^/i (/I + l)(« + 2)(n + 3)(4n + 
••1 y. 

I ) = 630o { S ) 

[ 2 ] + 25^ + 50*" + 35x^ + dr - 75600 = Oo ((5S ) 

^^t^630>^o r-T: 

6'^o 

-756{X)3')'*-M, 6 3(r—35?*;—50i?=-;^"?ii 
S-lt, 25^ra;fc-^#-4t. 4^{j]Sti^<fc^J-«:, 


5. 

[J^s:] 

OTHE+A^ot'J N: iSEAM? 

^S: E^O 

7^0: lim^Zo ^#-EAEA^A+A 

-mE, -+-#mE0, -+EAA=0, 
ramp, ^|5]o 


have 75600 for the negative shi, 6 for the positive fang, 35 for the positive 
first lian, 50 for the positive second Han, 25 for the positive third Han, and 
4 for the positive yu, an expression^ ^' of the fifth degree whose root is the 
required number. 

[ Notes ] 

[ 1 ] That is. 1 + 2 ) x i =^n (n + l)(n + 2)(n + 3)(4n 

+ 1 ) = 630. ( G ) 

[ 2 ] The expression in modem form is the equation: 4^^ + 25 j:* + SOx^ + 35x* + 
6x - 75600 = 0. (C ) 
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5. The total number of apples in a si jiao Utnfeng pile is 448.^'' Find a side of 
the base. 

Ans. 5. 

Process. Let the element fian be a side of the base of the si jiao lanfeng 
pile. From the statement we have 26880 for the negative shi, 1 for the posi¬ 
tive fang, 12 j for the positive first Han, 25 for the positive second lian, 
17^ for the positive third Han, and 4 for the positive yu, an expression ^ ^ of 


■7\m 


[fin] 

[1] llfcip : i(t/)-i=i^i(i+ 1)(2i + 1) X I=^n(n + l)(n + 2) 

i*i j»i j»i i! 5! 

(8n^ + lln + 1 ) = 448o (IC) 

[2] 4^ + ITyj' + 25:^ + 12-^^ ■¥ x - 26880 = Oo 

(Mi) 
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[^n] 

*:|P,448^o f“T: 

5>t-o 
-26880If- 


6 . 

[msn] 

^B: -fc^o 

--s-t+Kmjiis. --g-r-t- 

nm—*. —t-Emra*, --:^iEIII, ii;m:^r 

-^1^0 


[fin] 

[1] jitEP: f ( / + 1 )(«• + 2)(i + 3)( / + 4) = ^/i (n + 1 )(« + 2) 
1*1 3! O; 

(n + 3)(rt + 4)(/j + 5) = 924o(ll5) 



the fifth degree whose root is the required number. 


[ Notes ] 


[ 1 ] Thatis,S(£/)*i (i + 1 )(2i + 1 ) x i (« + 1 )(« + 2) 

1=1 «)« J. 


( 8n' + lin + 1 ) = 448. (G ) 


[ 2 ] The expression in modem form is the equation: 4x’ + 17-yj:* + 25x’ + 12-j x* 
+ X - 26880 = 0 . (C ) 


6. The total number of apples in a san jiao sa xing geng luo yi pile is 924.^ ‘ ’ 
Find a side of the base. 

Ans. 7. 

Process. Let the element tian be a side of the base of the san jiao sa xing 
geng luo yi pile, From the statement we have 665280 for the negative shi, 
120 for the positive/a«g. 274 for the positive first lion, 225 for the positive 
second lian, 85 for the positive third Han, 15 for the positive fourth Han, 
and 1 for the positive >> 0 , an expression* * ^ of the sixth degree whose root is 
the required number. 

[ Notes ] 

[ 1 ] Thatis._£ii(i + l)(i + 2)Ci + 3)(i+4)=^n(n+l)(/i + 2) 
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[ 2 ] + I5x> + S5X* * 225x^ + 274^^ + 1201 - 665280 

= Oc (SS) 


[4if 1 

^^ft924'^o l"1: 

Jlfo -665280 l20:Nl —274 :J&— 


7. 

[)I5tl 

^0: -+SMo 

hK-^, nmss, -mps, -^Nc 


[mn] 

[ 1 ] iSS»^*7«. iltBP:-i-[n(n + l)(2n+l) + (n+l)] = 932o (S?) 
[ 2 ] ?F^iC6«)SSTO^^^: 2x^*3x^ + 2x- 7455 = 0= (i^) 

[4-i?l 

*^R932>^o FI: 


(rt + 3)(n + 4)(n + 5) = 924. (O) 

[ 2 ] The expression in modem form is the equation; x* + 15x^ + 85x* + 225 jP + 
274jc^ + 120* - 665280 = 0. (C ) 



ss Si 

O 

^ O 


1. TTie total number of apples in a pile in the form of a cone is 932, and the 
number of layers is an odd number.''' Find the number of layers. 

Ans. 15. 

Process. Let the element tian be the number of layers. From the statement 
we have 7455 for the negative shi, 2 for the positive/ang, 3 for the positive 
first lian, and 2 for the positive yu, a cubic expression' whose root is the 
required number. 



467 


[ Notes ] 

[ 1 ] Let the number of layers be n . that is, -|-[n(n + l)(2n+ 1) + (n+l)] 
= 932. (G ) 

[2] The expression in modem form is the equation; 2** + 3x^ + 2x - 7455 = 0. 


(C) 





15 .fee 

»a*><i*.;5-;i-^*)^o •f?-5']-7455 

8 . 

[Jl:a:I 

^S: ±®-t^. Tffi-+Eai"a 

^B: jt^TC-* Ktij/^T-. ^#AT—WH+-*^3e. 

AWA+-m:fir. ^Ho 

[l] iEh. n. ]ltEP:-^[«(« + l)(n + 2) + (m- 

I ) m (m + 1)3 » 504, m * n s 2\o i%) 

* 

[ 2 ] ff x> ~ 30x^ * 662x - 6132 = 0. ( Sf ) 


(4-if ] 

*^R504'^c 

l-JJ: '>■? 

iS:EiO—-f-¥^'J-6I32jHj 
-l-*:^, 6<32i<i—30X?—<fc35^-4t. 4f- 


8. A pile of apples in the form of a truncated regular triangular pyramid has 
21 apples in the side of its basest' ^ The total number of apples is 504. Find 
the sides of the bases. 

Ans. Side of the upper base, 7; 
side of the lower base, 14. 

Process. Let the element tian be a side of the lower base. From the state¬ 
ment we have 6132 for the negative shi, 662 for the positive fang, 30 for 
the negative iian, and 1 for the positive yu, a cubic expression whose 
root is the required number. 

[ Notes ] 

[ 1 ] Let the sides of the pile ’ s upper and lower bases be m and n . From the state¬ 
ment we have 4-[n(n+l)^n + 2) + (m-l)/n(m + l)] = 504, m + n = 
D 

21 . (G) 
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[ 2 ] The expression in modem form is the equation: - 30a4 + 662 j: - 6132 = 


0.(0 




9. 

£p 

^Q: ±®—h-^, T®-+A^, m^Mo 

mm] 

[ 1 ] iE-h, Tffi-^iBl^J-StJi^m,/.. A. ifcBP: 

•^|[(2n+l) + m]n + [(2m - J) + n]m|A=llJl, 
n-m = 5. m-A*5o(l?) 

[ 2 1 6r» - 95jt - 6941 = Oc ( Bf.) 

I^if 1 

_L;gt.-d& 11'^, T^-*16>^, S6.&0 


10 . 

[J^*] 

R5: ±i^, *fl 


9. A pile of apples in the form of a truncated pyramid with a square base has 
its total number equal to 1111. A side of the upper base contains 5 less than a 
side of the lower base. But the number of layers of the upper base is 5 more 
than that of the lower base. -' * Find the number in the sides of the bases and 
in the altitude of the pile. 

Ans. Side of the upper base, 11; 
side of the lower base, 16; 
altitude, 6. 

Process. Let the element tian be the number of apples in the upper base. 
From the statement we have 6941 for the negative shi, 95 for the negative 
fang, and 6 for the positive yu, a cubic expression whose root is the 
required number. 

[ Notes ] 

[ I ] Let the pile' s side of the upper base, side of the lower base, and altitude be m, 
n, and h. From the statement we have ■^\[(2n + I) + m] n + [{2m ~ I) + n]m| 
fi - nil, n - m s 5,m ~ h s 5. (G) 

[ 2 ] The expression in modem form is the equation 6iP - 95x - 6941 =0. ( C ) 
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10. The number of apples in a chu tong pile is 82.^' ^ The square root of the 
number in the length of the lower base plus the widths of the upper and lower 
bases is 8. The lower width contains 2 less than the lower length, the uppwr 




-Am 
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AT^, ±miSl±^-'^Z~, af-^± 

^H; r^-t^i f^E; 

AH: 

-+E:^fflAAWAA-m± 
m, Eg:^HAAWHAA^^-*. 0A-w-+-mHsfi, “H 

-»rais, ^1^0 

[as] 

[1] iE^*«few±T)Swti. &,, a,, b^, h. 

WS=-^[(2i, + 6,)a,+ (2&, + fe,)a, 

+ (i, - fr, )] A = 82„ (15) 

[2 ] lltBP:/£>j + a, + 02 ® ~ ° 2 ~ ^ ^ 

[ 3 4^ - 201^ + 4112x* - 43738^^ + 254861^ - 772368^ 

+ 953190 = Oo (IS-;) 


**-.82^0 X*: T-)fc*>AP^. >T 

1)^, *-f?-8Ao i-i; 

T^5A, T-lfe7A; ^4M:; 

JL|SI2'^, Ji-^4A. 

A: 953190 

-772368 254861 #-It. -43738 ?<? 


width contains one-half as many as the upper length, and the height contains 
the same number as the upper length.' ^ ’ Find the number in the widths and die 
lengths of the bases and the height of the pile. 

Ans. Lower width, 5; 
lower length, 7; 
height, 4; 
upper width, 2; 
upper length, 4. 

Process. Let the element lian be the number of apples In the lower width. 
From the statement we have 953190 for the positive shi, 772368 for the 
negative/ang, 254861 for the positive first lian, 43738 for the negative 
second lian, 4112 for the positive third lian, 201 for the negative fourth 
lian, and 4 for the positive yu, an expression f ^ of the sixth degree whose 
root is the required number. 

[ Notes ] 

[ 1 ] Lei the chu tong pile’s upper length be h,, upper width a,, lower length b^. 
lower width a,, and height h. From the formula of the volume of the chu tong pile provided 
by Shen Kuo in his MengXi Bi Tan, we have 5 [(26, + hj) a, + ( 26, + 6,)fl,+ 

(fc, - 6, )1 6 = 82. (G) 

[ 2 ] That is, Jb^Ta^ + a, = 8, 6, - a, = 2. a, = -i-6,. 6, = h . (G ) 

[ 3 ]The expression in modem form is the equation: 4^* - 201jr* + 4112x* - 43738 j:’ 
+ 254861:r* - 772368x + 953190 = 0. (C ) 



11 . 

±. K-^. ^Si^^/LH? 

^0: ±tc0t-. T^A^ ; 

Te^£i", (ftE^o 

S^^^±llE, --::^MT0, -*iEPS, -^fpl. 

[jiSl 

[ l ] iHS*i*ifeWi: KEWit. «l^ii<!i5)-SiJ^*,.flj.f.,.A, jJtBP: 

5 = + A, Xflj + I ) A = 100, («) 

[2] jlkBP: /(Aj + a, + A) - 2 = A,. A, - A, ^^A,. a, - A, = 1, (W) 

[ 3 ] X- - ^ - + 2;t - 120 = 0, { B^O 

A^PXOO't-o Tf:. 

;>■l'^, B: X. T-^. 

Ji-ifc4A. T-ife8>^: 

-5?!7— lAM. 



11. The number of apples in a chu meng pile is lOOJ ‘ is said that the 
square root of the sum of the apples in the lower length, the lower width, and 
the height, decreased by 2, is the same as the number in the upper length; the 
number in the lower length exceeds that in the upper by one*half of itself; and 
the number in the upper length is less than that in the lower width by iJ^^ 
Find the upper and lower lengths, the width, and the height of the pile. 

Ans. Upper length, 4; 
lower length, 8; 
lower width, 5; 
height, 5. 

Process. Let the element tian be the upper length. From the statement we 
have 120 for the negative shi, 2 for the positive fang, 5 for the negative first 
lian, 1 for the negative last Han, and 1 for the positive yu, an expression ^ ^ ^ 
of the fourth degree whose root is the required length. 

[ Notes ] 

[ 1 ] Let the chu meng pile's upper length be , lower width , lower length , 
and height h . From the statement we have 5 = -^(2dj +6, )(<!,+ 1)A = 100 .(G) 
[ 2 ] That is, /Thj + a, + h )” - 2 = h,, b, - b, =-i-b,. a, - b, = I . ( G ) 
t 3 ] The expression in modem fonn is the equation: x* - x’ - + 2* - 120 = 
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12. 

im:Sc] 

M:5i---@‘-+_ii;^o ^S: mm-, 

f«i: ^^mnjim 

^0: Bp=M, z.mm, mxm. 

7 ^ 0 : um^Zo 

-m:^. Hm0. -mps, Xlt 

im^Zo 

ii.^, Hmm, “mm, \Hmm6^m 

m, m^.^Zo wvr 

-m:*-, -mm, ji::s-?F:e,'-’ 

t-AM, mmn, ^gP^:5i-M»o 


laRl 

[1] e&¥, z^mm, 

508 + 401 + 215 = 1124, Bjlt. k [„ („ ^. ] ) (2n * ] ) * n] = 1124o 

O 

mm, n. wiji-[n,(n, + 1 )( 2 «, 

+ 1 ) + (n, + 1 )] * 215, •§■ [wj (n, + 1 )(2nj + 1 ) + (fij + 1 )] =215 + 401 
= 616. (?5) 

[2] 2x^ + 3x^ *2x- 1719 = 0. (Bf,) 

[ 3 ] ■. + 3x^ + it - 4927 = 0. (1^ ) 

[ 4 ] ■. 2t» + 3^ + 2i - 8992 = 0. ( K() 


12. A pile of apples in the form of a circular cone is divided among Jia, Yi. 
and Bing. Jia receives 508, Yi 401, and Bing 215. Bing’s apples are from the 
top layers, odd in number; Yi’s from the middle layers, even in number; and 
Jia ’ s from the lower layers, odd in number. ^^ Find the number of layers 
each received. 

Ans. Jia, 3 layers; 

Yi, 4 layers; 

Bing, 9 layers. 

Process. Let the element tian be the number of layers which Bing received. 
From the statement we have 1719 for the negative shi, 2 for the positive 
fang, 3 for the positive lian, and 2 for the positive yu, a cubic expression^ ^ ^ 
whose root is the number of layers Bing received. Again let the element 
tian be the number of layers which Yi and Bing together received. From 
the statement we have 4927 for the negative shi, 2 for the positive fang, 3 
for the positive lian, and 2 for the positive yu, a cubic expressioi^ ^ ^ whose 
root is 13. From this root subtract the number of layers which Bing received, 
and we shall have then the number of layers Yi received. Again let the 
element lian be the whole number of layers in the pile. From the statement 
we have 8992 for the negative shi, 2 for the positive fang, 3 for the positive 
lian, and 2 for the positive yu, a cubic expression whose root is 16. 
Subtract from this root the number of layers Yi and Bing received, and we 
shall then have the number Jia received. 
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[ Notes ] 


[ 1 ] As Jia and Bing recesived odd layers, and Yi received even layers, we know 


[4-if 1 

^^508>h. Z.^401 

>^, «^215>h; AI^JiftT, 

1^: ^/^^iifjAitA^'y? 

!$■: 'f3M:, C.4M:, ^9M:o 

^S'\-4927 ^t4t^, 23^1 — 

Ito -SC: -ffS'J 

-8992 3*;'$-M, 23*1—ifc^Mlfc. 33*1—Si it, 2 3f;j(Li^Jil^#. 
4t. :?T-A3i^, ^iU6M, 

«:o 

13 . 

[ms:] 

m^Zo ^^EW;n.+^. 

^S: EpHM. Z.iza^. WAMo 

3tt0: SL^Tt-^^Mmn, nim^z. ^#'t:TrawEg+^^^, - 

nmm, r.^m, 


that the number of the layers of the pile is even. I.ei the number of the layers be n . Its 
volume is 508 + 401 + 215 = 1124. Therefore,-^ [#i (n + l)(2n + 1) + «] = 1124. 
Let the number of layers divided by Bing be n,, the number of layers divided by Bing and 
Yi Wj, and because and are odd numbers, we have [ n, (+ 1 ) (2«, + 1 ) + 
(n, + 1 )] = 215,-J-[nj(n, + I )<2n, + 1 ) + (n, + I )] = 215 + 401 = 616. (G) 
[2] The expression in modem form is the equation: 21^ + 3x^ + 2x ~ 1719 » 0. 

(C) 

[ 3 ] The expression in modem form is the equation: Zx* + 3x^ + 2t - 4927 = 0. 

(C) 

[ 4 ] The expression in modem form is the equation: Zx* + 3x^ + 2x - 8992 = 0. 

(C) 


13. A pile of apples in the form of a pyramid with a square base is divided 
among Jia, Yi, and Bing. Jia receives 590, Yi 446, and Bing 204. Jia^ layers 
are from the lower layers of the pile, Yi’s from the middle, and Bing’s from 
the top. ^ ‘ ^ How many layers does each receive from the pile? 

Ans. Jia, 3 layers; 

Yi, 4 layers; 

Bing, 8 layers. 

Process. Let the element tian be the number of layers in the whole pile. From 
the statement we have 7440 for the negative shi, 1 for the positive3 for 
the positive lian, and 2 for the positive yu, a cubic expression ^ ^ 'whose root 
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vm^m, 

% 

[as] 

[1 ] n, ^^^590 + 446 + 204 = 1240, Hjtt^n (n 

+ 1 )(2n + 1 ) = 1240o n. nj. PlljX„, („_ 

J I 

+ 1 ) ( 2n, + 1 ) = 204. X „^ („^ + 1) ( 2«j + 1 ) = 650. ( S? ) 

[ 2 ] ffIr" + 3x* + X - 7440 = 0. ( fiS ) 

[35 ?F:S'SCM3ffiOTit:^: 2x> *3 j^ *x- 1224 = 0. (|S4i) 

[4] 2i^ + Sx’ + X - 3900 = Oo ( BS) 

[4-S] 

'f:^590^. C.:^446 

A', ^^204>^; A^T-fij-X, |"T: -S-A 

^3^, C4M^, 

if-A:^, ft 

*|j^A.g4fco 

S'J-1224^'$-it^, 3 7&—2^]fcS^fc^ 

*» -3900;5<l'*-it^, —3>^l — 

2^3gLS;fc-«#.ifc, #Si]12-&„ 


is the number of layers. Again let the element tian be the number of layers 
which Bing receives. From the statement we have 1224 for the negative shi, 
I for the positive/ang, 3 for the positive tian, and 2 for the positive yu, a 
cubic expression whose root is the number of layers Bing receives. 

Again let the element tian be the number of layers which Yi and Bing 
receive. From the statement we have 3900 for the negative shi, I for the 
positive/ang, 3 for the positive Han, and 2 for the positive yu, a cubic 
expression ^ ^ whose root, 12, is the number of layers received by Yi and 
Bing. From this number subtract the number of layers Bing receives. The 
result is the number received by Yi. Subtract the root from the number of 
layers in the whole pile. The result is the number of layers Jia receives. 

[ Notes ] 

[ 1 3 Let the number of layers of the pile be n . Its volume is 590 + 446 + 204 » 

1240. Thus, ^R(n+I)(2n+I)sl 240. Let the number of layers divided by Bing 
be and the number of layers divided by Bing and Yi . Then, ^ + 1 X 2n, + 

I ) s 204, ^ Wj (n, + I ) { 2n, + I ) * 650. (G ) 

[2] The expression in modem form is the equation: 2r^ + + ^ - 7440 « 0 . 

(C) 

[ 3 ] The expression in modem form is die equation: 2x^ * 3x^ + a: - 1224 * 0 . 

(C) 

[ 4 ] The expression in modem form is the equation: 2*:^ + 3^ + ^ - 3900 a 0 . 


(C) 
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14 . 

SH^/gffi—1^: — 

^H: H^/SlfilA^. Eg^;^®5^= 

>1^0: ^#—W—'+-z:j^ii^, 

[ as 1 

i!gA*ftw;g-iai'»^S'J:iii,.«,. jitau: 

^n, (n, + 1 ) ( n, + 2 ) +^n, (/ij + 1 )( 2nj + 1 ) = lllo (IP ) 

[2]lttBP: «,-«,= lo(W) 

[ 3 ] je + .t - 222 = Oo (M;) 

[4-itI 

llH-o 

! >t-o 1-1: 

pK-: KXdto^P.;5->i-^^«fo 

-222jJ*7'fr4i^. l^ff—I 


15 . 

[JBIC] 

^z:+4'ot'’K5 


14. The number of apples in two piles, one in the form of a pyramid whose 
base is an equilateral triangle and the other in the form of a pyramid whose 
base is a square, is 111.^' ’ It is said that a side of the square base is less by 1 
than a side of the triangular base.^^^ Find a side of each of the bases. 

Ans. A side of the triangular base, 6; 
a side of the square base, 5. 

Process. Let the element tian be a side of the triangular base. From the 
statement we have 222 for the negative shi, I for the positive fang, and 1 
for the positive yu, a cubic expression- ^ ^ whose root is the required side. 

[ Notes ] 

[ 1 ] Let a side of the triangular base be n,, and a side of the square base n^. From the 
statement we have OCn, + 2) +^nj(nj-i- l)(2nj+ 1) = 111. (G) 

[ 2 ] That is, n, - rtj = 1. ( G ) 

[ 3 ] The expression in modem form is the equation; x* + x - 222 = 0. (C ) 
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15. The difference between the number of apples in two piles in the form of 
pyramids, one with a square base and the other a triangular, is 20. ^^ The sum 
of the apples in a side of the square base and a side of the triangular is 15.^^^ 




f 5 ]: #M? 

^B: “ii;gffiA^„ 

^B: im^Zo -ws 

~^iEPS, zir^Zo^^^ 
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[jiSl 

[1] ie=ftift, «,. jttBp; 

X„J („J + l)(2nj + 1 ) - („^ + 1 )(„_ + 2) = 20„ (W) 

[2] jifcaP: «,+/!,= i5„ (») 

[3] ff: x» - 15^ + 256x - 1400 = Oo ( ) 

'IS'IS-^20^0 

AP'}"! 

256^-'km^^^, -15?*;— 


16 . 

^B: EBftjRiBEg^. 


2^0: ^am^Zo 


How many apples are there in a side of each of the base? 

Ans. Square base. 7; 
triangular base, 8. 

Process. Let the element tian be the number of apples in a side of the square 
base. From the statement we have 1400 for the negative shi, 256 for the 
positive fang, 15 for the negative lian, and 1 for the positive yu, a cubic 
expression'^^ whose root is the required number. 

[ Notes ] 

[ 1 ] Let a side of the triangular base ben,, and a side of the square base n^. From the 
statement we have A n, ( Wj + I ) ( 2n, + 1 ) - ^ + 1 ) («, *2) = 20. (G ) 

[ 2 ] That is, n, + /ij = 15. ( G ) 

[ 3 ] The expression in modem form is the equation: x* - 15x* + 256x - 1400 * 
0.(0 
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16. There are three equal piles of apples whose bases are equilateral triangles 
and six equal piles whose bases are squares. The total number of apples is 
] 272. (' Ut is said that the product of the number in a side of the square base 
by the number in a side of the triangular base is equal to 48. Find the 
number in a side of each of the bases. 


Ans. Square base, 4; 
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=.m, -mn*. HmTu, -mps, 

mm] 

[1] ieH^«fe. 0«^6<(fS-:a'Mi[^J-S'ljln.. n,. ittfiP: 

3 X 1 n, ( n, + 1 ) (f?, + 2 ) + 6 x ^n, (n, + 1 ) ( 2n, + 1 ) = 1272o (IP ) 

[2] itt;BP: rt,n, = 48o(W) 

[ 3 ] l** + 3^ + x* - 1272*’ + 48x^ + 3456 l* + 55296 » 

0, (PS) 

*:^Rl272>^o 

12-^0 

4t, i 


17 . 

IJia:] 

^H: izg^j^SA^o 

t^B: ir^TC— 


triangular base, 12. 


Process. Let the element rian be the number of apples in a side of the square 
base. From the statement we have 55296 for the positive shi, 3456 for the 
positive fang, 48 for the positive first lian, 1272 for the negative second 
Han, i for the positive third Han, 3 for the positive last Han, and 2 for the 
positive yu, an expression' ^ ^ of the sixth degree whose root is the required 
number. 


[ Notes ] 

[ 1 ]Let a side of the triangular base ben,, and a side of (he square basen,- From the 
s(atement we have 3x:^n, (n, + l)(rt, + 2) + 6xXnj(nj+l)(2nj+l) = 
1272. (G) 

[ 2 ] That is, rt,nj = 48 . (G ) 

[ 3 ] The expression in modem form is the equuion: 2jc‘ + Sx* + x* - 1272*^ + 
48x* + 345d» + 55296 = 0. ( C ) 


17. The number of apples in two equilateral pyramids with triangular bases 
and three equivalent pyramids with square bases is 652.'' ^ It is said that the 
quotient of the number in a side of the square base by the number in a side of 
the triangular base is 2.'^- Find the number of apples in a side of each of the 
bases. 

Ans. Triangular base, 4; 




'^isio 
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[&m] 

2 X ^n, (n, + I ) (n, + 2) + 3 X ^n, ( Bj + ! ) (2n2 + 1 ) = 652, (9?) 
[2}jtt:BP: ii2 = 2.(*P) 

[ 3 ] : 25x» + 21x" + 5x - 1956 = Oo (ISS ) 

[4ii] 

. *^^^652'^o 

-1956i<;')^lfc^. 21^— 


18 . 

[msc] 

^0: 

5:^7n— iiam^Zo HW 

■tZA^fk^, -W-+;fL^^P.,^:^r?F;to'^' -a-r^o 


square base, 8. 

Process. Let the element tian be the number of apples in a side of the trian¬ 
gular base. From the statement we have 1956 for the negative shi, 5 for the 
positive fang, 21 for the positive first Han, and 25 for the positive yu, a 
cubic expression ^ whose root is the required number of apples in a side 
of the triangular base. 

[ Notes ] 

[ 1 ] Let a side of the triangular base be n,. and a side of the square base Aj. Prom the 
statement we have 2x^n, (n|+ l)(n, + 2) + 3x^nj(nj+l)(2nj+ 1) = 
652. (G) 

[ 2 ] TTiat is. ^ = 2. (G ) 

[ 3 ] The expression in modem form is the equation; 25j:’ + 214:* + 54: - 1956 = 
0.(0 
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18. The quotient of the number of apples in a pyramid with a square base and 
the number in a pyramid with an equilateral triangle as its base is 7.f' ^ The 
number in a side of the triangular base is four-sevenths of the number in a side 
of the square base.^*^ Find the number in a side of each of the bases. 

Ans. Triangular base, 4; 
square base, 7. 

Process. Let the element tian be the number of apples in a side of the trian¬ 
gular base. From the statement we have 392 for the positive shi, 378 for the 
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■^nj{/i, + 1 )(2n, + 1) 

^- = 7.. (IB ) 

^n, (rt, + 1 )(«, + 2 ) 

[2] M: «, (IB) 

[3] -119J* + 37iU + 392 = Oo (BiH) 

[4if ] 

4|-7o ^ -i^S^ 

^^i:Jle9^^^W-i4'^4^fc^y O f-']: —:>'? 
iSl^Tb—i4-^ifc, 392 

19 . 

[®3tl 

fSffi. T:Sr?F:3l, r^: — 

^B: 

;^H: iumsz. 

Ho 


positive fang, and 119 for the negative yw, a quadratic expressions^ Vhose 
root is the required number. 


[ Notes ] 

[ 1 ] Let aside of the triangular base ben,, and a side of the square basenj. From the 

^n,(nj + 1 )(2nj + I ) 

statement we have - a 7, ( O) 

^n, (n, + 1 )(n, + 2) 

[2] Thatis.n,=A„^. (q) 

[ 3 ] The expression in modem form is the equation: -M9x* + 37&r + 392 = 0 . 


(C) 


19. The product of the number of apples in the form of a pyramid whose base 
is an equilateral triangle by the number in the form of a pyramid whose base 
is square, is 23100.^' ^ It is said that the square root of the number in a side of 
the triangular base plus the number in a side of the square base is less than the 
number in a side of the square base by 3.^*-Find the number in a side of each 
of the bases. 

Ans. Square base, 7; 
triangular base, 9. 

Process. Let the element lion be the number of apples in a side of the square 
base. From the statement we have 831600 for the negative shi, 990 for the 
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[1] ilfcEP: 

[^n, (n, + !)(«, + 2)][^n, (/ij + 1 )(2nj + 1 )] = 23lOOo ($P) 

[ 2 ] iitSP: = n, ~ 3o ( ^ ) 

[ 3 ] l** - 39x* + 292 t’ - lOldt^ + lA26x> + SS&r* - 2530*^ 

+ 877^ + 990* - 831600 * Oo ( Bf.) 


^^J'l23100>ho 

:|R^= -f^^'J 

-831600'ip'990^-Ji:^#-fe, 877#.41:. -2530jJf7 

358>&ra;jt^#4fc, 14267^1 ii.;3t:^#4fc, -I016>1;7 t;A 
^#4fc, 292?(j-fc^fc^#4t, -39^7V;i:.JS5#4t, 2 #4i, 

20 . 

IJSS:] 

|15]: -;Sffi#/Lfp7? 

^0: Pfl^/SiSA7"o 

7^0: il^TC—?^A'SPi7'-'77—7^—+0 

H+mr*, -^jeps, 


positive/an^, 877 for the positive first lian, 2530 for the negative second 
lian, 358 for the positive third lian, 1426 for the positive fourth lian, 1016 
for the negative fifth lian, 292 for the positive sixth lian, 39 for the nega¬ 
tive last lian, and 2 for the positive yu, an expressiorf ^ bf the ninth degree 
whose root is the number of apples in a side of the square base. 

[ Notes ] 

[ 1 ] Let a side of the triangular base ben,, and a side of the square basen,. From the 
statement we have [^n, (n, + 1 Xn, + 2)][^nj{n, + I )(2n^ + 1 )] = 23100. 

CG) 

[ 2 ] That is. ^n, + = Hj - 3 . ( G ) 

[ 3 ] The expression in modem form is the equation: 2x* - 39at* + 292x’ - 1016** 
+ 1426** + SS&t' - 2330x* + 877je + 990* - 831600 = 0. (C) 
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20. The number of apples in two pyramid piles, the base of one being an 
equilateral triangle and the other a square, is 211' -tt is said that the number 
of apples in the perimeters of the first layers of these two piles is the same. 
Find the number in a side of each of the bases. 

Ans. Triangular base, 8; 
square base, 6. 

Process. Let the element tian be the number of apples in a side of the trian¬ 
gular base. From the statement we have 6411024 for the positive shi, 35450 




atm-. 

in, (n, + 0(n, + 2) + in, (+ 1 ) (2^, + 1) = 2llo (IP) 

[ 2 ] 2** + sox’ + 99x" - I00\2x> - 45533x= - 35450x + 

6411024 = Oo ((!S) 

'}'? 

6411024 i{?'!|rifc^, -354503&—-45533 3(1— 

-10012 99?!7E9;ii3a#.^, 30^^i;fc^#.4t, 2 ^^ 



for the negative/an^. 45533 for the negative first lian, 10012 for the nega¬ 
tive second lian, 99 for the positive third lian, 30 for the positive last lian, 
and 2 for the positive yu, an expression of the sixth degree whose root is 
the number of apples in a side of the triangular base. 

I Notes 1 

[ 1 ]Let a side of the triangular base be n,, and a side of the square base n,. From the 
statement we have ^ n, (n, + I ) (n, + 2) + (/ij + I) { 2«j + 1 ) =211. (G) 

[2] The expression In modem form is the equation; 2** + + 99^^ - lOOIZt’ 

- 45533x2 - 35450X + 6411024 = 0. (C) 
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1 . 

^B: +^o 

t^H: t#-T-0W0+A*^^. H+ 

-m±*. -mPS, -^folo 



l^iS) 

tl]®Tr = 3. iBlSlBJ. iffl?feft<iraiCBPKrt. ^mm\1hl,. I,. ittEP: 
j^/;-i/*=6i2. (?p) 

[2] jltiP: = 48. = /,-/,„ (115) 

[3] + 32r= - 2448 = Oo (Rf.) 


[4-iil 

—^S:05)fe,#tX*: i?:® 
48#, f-i: t*3 


Suo Tao Tun Rang ( Figures within 

Other Figures ) 

19 Problems 

I. In the center of a circular piece of land is a circular p>ond of water. The area 
of the land is 612 ( square ) bu !-' ’ It is said that the square of the shi jing is 
les.s than the inner circumference by 48 bu, but is equal to the difference be¬ 
tween the outer and the inner circumferences.^*' Find the three matters. 



Ans. Shi jing, 6 bu; 

inner circumference, 84 bu; 
outer circumference, 120 bw. 

Process. Let the element tian be the shi Jing. From the statement we have 
2448 for the negative shi, 32 for the positive first lion, and 1 for the positive 
yu, an expression • of the fourth degree whose root is the required shi 
Jing. 
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[ Notes ] 

[ 1 ] Make it = 3 , and let the circumference.^ of the circular piece of land and circu- 
lax pond, that is, the land* s outer circumference and the inner ctrcumferetice of the land, 


-7\m 
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9Y]Sim^, 


2 . 

[J^*] 

:^ET-w^+pg^of'^ i*i. ^h 

^B: f*9[SI®-+A^. 

?tiB: mm^Zo ?§-&-+A:^A"pii;w 

m -7smr't'^m-\-%^}Mj, -+ 

■smm. zif^z,^^^ 



[1] ®iTr*3. ie^f^ft;^:^^. rtiae. ffl:^r3)■SlJ^^^,^J^. iitBP: 

jo^ - [^(2./, + -|-f^]U, - [3 (2rf, + rf,)]’ = 25164o (9iS) 

[2] ®i/y=-|, lttEP:i[-^^ - (2rf, 4rf,)] = 3 (2d, +d,) - 3d, = 

36= ($|S) 

[ 3 ] 25^ + 427^ + 14749x - 1296540 = 0= ( RS) 



be/, and/j. From the sutement we have -j^/j= 612 . (G) 

[ 2 ] Let shi jing be d. From the statement we have d‘ = (G ) 

[ 3 ] The expression in modem form is the equation; x* + 32x^ - 2448 = 0 . ( C ) 


2. A stream of water in the form of a ring is found in a square tract of land. 
Multiply the area of the irregular part of the land, that without the stream, by 
the diameter of the circular part, that within the stream, and subtract from it 
the square of the outer circumference. The remainder is 2564 bu.^'^- It is said 
that the distances from the comers of the land to the edge of the water are 
equal to 1 ly hu\ and the difference between the circumferences is 36 
Find the three matters. 

Ans. The diameter of the land surrounded by the water, 28 bu\ 
a side of the square, 45 bu\ 
width of the stream, 6 bu. 

Process. Let the element tian be the diameter of the inner circle. From the 
statement we have 1296540 for the negative shi, 14749 for the positive 
fang, 427 for the positive Han, and 25 for the positive yu, a cubic expres¬ 
sion whose root is the required diameter. 




-H# 



soo 


14-iiJ 

m^25\64-^^ fk:^^6f}v3 

ia:^7t-jJl7XPitWrtffl)S. ^S>)-1296540 

^IfM, 14749 7^ — ;^^ if*, 427:Hr—25^ftA-yt-^ 

if*, ff-i:t. ^ff'Jf^Iil^5a 


3. 

[JS*1 

^B: P!i!^5Hi-^:^^= 

t^b: inm^Zo ^#-WK+-fc^fcJiE^. 

M:fir, 'imm. -^f^o 



[j^»] 

[2] 

[3] iftJ^WlScdSf) 


[ Notes ] 

[ I ] Make tt = 3, and let the diameter of the stream of water in the form of a ring 
be d,, the diameter of the land surrounded by the water and a side of the square a . From 
the statement we have 1^^- +</, — [3(2<f, + ^ 2 )]^* 

25164. (G) 

[2] Ut/2=-|.thatis.^[-^a - (2./, + rf,)] = ll-^.3(2.f, + 

36. (G) 

[ 3 ] The expression in modem form is the equation: 25x^ + AHj^ + 14749j: - 
1296540 = 0. (C) 


3. A gui chi ^' Ms inscribed in a circular piece of land. It is said that the length^ ^ •’ 
of the gui chi is less than the diameter of the circle by 3y bu, but exceeds the 
widthl^'of the pond by 10^ Find the length and the width of the pond ad 
the diameter of the circle. 

Ans. Width of the pond, 21 bu\ 
length of the pond, 31y6«; 
diameter of the circle, 35 bu. 

Process. Let the element tian be the width of the pond. From the statement 
we have 147 for the positive shi, 14 for the positive/ang, and 1 for the 


negative yu, a quadratic expression-whose root is the required width. 
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[4] jltBP: d-b = 3-^.b - a = lO^o (?P) 

[5] --<^+ 14x+ 147 = 0. (BS) 

[^i#l 

4-;^—[U^9, ) 

J=t K a 3 y #, ^ 10^#o 1“T: 

-ifc. iSi^iSia^7(i?:J'-? 

^45'J 147 5{7'irM, 

-^^/rr-lo 


4 . 

t^bi: jr^7u-^^?ibg, Sn^jS;^., ^#£+2::^-"P>J^^. 0"P-t- 



[ Notes ] 


[ 1 ] A pond of water in the form of an isosceles triangle. ( C) 

[ 2 ] The altitude of the triangle. (C) 

[ 3 ] The base of the triangle. (C ) 

[ 4 ] Let the width and the length of the pond be a and b, and the diameter of the 
circle d. From the statement we have d - b = 3-j.fr - a = 10-j . (G ) 

[ 5 ] The expre.ssion in modem form is the equation; + 14j: + 147 = 0. (C) 


4. There is a circular pond of water at the northeast ^^ corner of a square 
piece of land; the areas of the land itself is 10225 It is said that the 
distance from the southwest comer to the edge of the water is 59 bu!- * ^ Find a 
side of the square and the diameter of the pond. 

Ans. Diameter of the pond, 120 bu\ 
side of the square, 145 bu. 

Process. Let the element tian be the diameter of the pond. From the state¬ 
ment we have 552000 for the negative shi, 4720 for the positive/a«g, and 
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[)im] 

iRiffis. Site. itfcsisM^. 

[2] ll-ff =r3, iH:frHW-a, jfcfiP: a^-^<P= 10225. (IP) 

[3] ^/2=^ . lltiP: |x.^+|- +59=^0. (IB) 

[ 4 ] + 47201 - 552000 = 0. (|S^ ) 



504 


[4-^1 

10225^0 

jLa«-3& ^ :>'? 

-JfS'J-552000 

M, 4720i(i—-I 

5 . 

[JS*] 

H: Tkffi^/LK? 

^B: r. \-m0o 

^B: jii^TC— tSim^Zo —^hk 

PS, ^f5]» 



1 for the negative yu, a quadratic expression^ whose root is the diameter 
of the pond. 

[ Notes ] 

[ 1 ] The direction used in this book is according to the old Chinese method which, 

as in many other things, is directly opposite to the Western method. Thus the top of a page 

IS south, the bottom north, the rl^t-hand side west, and the left-hand side east (C) 

[ 2 ] Make := 3, and let a side of the square be j, and the diameter of the pood d. 

From the statement we have --2- <P = 10225. (G ) 

4 

[3] Let/Ts that is. *7 + 59 . (G) 

[ 4 ] The expression in modem form is the equation: 4 - 4720x - SS2000 = 0. 

(C) 


5. A stream passes directly through a circular piece of land dividing it into 
two segments. The chord of each segment is equal to 32 bu and the circumfer* 
ence of the land is equal to 120 Find the width of the stream. 

Ans. 24 bu. 

Process. Let the element tian be the width of the stream. From the state¬ 
ment we have 576 for the negative shi, and 1 for the positive yu, a quadratic 
expression^ * ^ whose root is the required width. 
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[fim] 

[1] ®tTr = 3, ie®^, d, c, a, S!lrf=^ = 

40. a^ = d'-c’ = 40^-32* = 576. ( S? ) 

[2] 576 = 0= (IS) 

] 

I20i^, #IS!h/ 

—{Ira6^1^3'l32#. 1-1: jjCSqlSq >(j ^ :>'? 

4?-fiJ-576^l|f4t^. 1 


6 . 

t®*] 

f»l: ffl. ftfe#:^^A^^? 
^0: E0:firA+s^^o 

:^o -^r^io 



[ Notes ] 

[ 1 ] Make it = 3. and let the circumference be /. the diameter d, the chord of each 
segment c, and the width of the stream a . Then, d =- 2 - ^ • Fto™ method. 

= 40^ - 32^ * 576. (G) 

[ 2 ] The expression in modem form is the equation: ^ - 576 = 0 . (C) 


6. A square pond of water is situated obliquely in the northwest comer of a 
square piece of land. The area of the land is 4000 bu^ ’ ^ It is said that the 
distance from the southeast comer to the edge of the water is 68 bu 8/en.f^^ 
Find the sides of the land and the pond. 

Ans. Side of pond, 15 i>«; 
side of land, 65 bu. 

Process. Let the element tian be a side of the pond. From the statement we 
have 77664 for the negative ski, 5091 bu 2 fen for the positive/ong, and 5 
bu 7 fen 6 li for the positive yu, a quadratic expression whose root is the 
required side. 
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l^m] 

[1] iE^Ea. jtfcBP; a,’- fl,’= 4000. ( ?|S) 

[2] rz •‘AW’ BPO.8^0 ®l/2 = j. iftW: yo, - (oj +^05) = 

68 . 8 . (») 

[ 3 ] “#" rZ -ZW ", 0.2 ^. 0.76 ( ^ ) ?F:trTC64) 

5.76r5 + 5091.2r - 77664 = 0. (ISK) 
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[ 4 -ii] 

;5^m6^-i465#o 

^S'\-11664^ 

tM, 5091.2iff 


7 . 

[S3:] 

1 '^: mn. OT. 

^0! Bigr+s:^. 3fflW-+-^^o 

tI^B: 3:^^— 

X: BPI§Iffl^5ot^’ X: 

«. -^1^0 



[ Notes ] 

[ I ] Let the side of the land be , and the side of the pond a^. From the statement we 
have = 4000 .(G) 

[ 2 ] 8 fen following the bu is 0.8 bu. Make /^=-r * itiat is, -r<*, - (<*2 + ^ “ 

68 .8. (G) 

[ 3 ] 2 /en and 7 /en 6 li following bu are 0.2 bu and 0.76 bu respectively. The expres¬ 
sion in modem form is the equation: 5.76x^ + 5091.It - 77664 * 0. (C) 



€/> O 


tr> 


7 . A segment on the west side of a circular piece of land is occupied by water. 
The remainder of the circumference is S3 hu and its chord 20 bu. Find the 
diameter of the circle, and the arc and the shi of the segment. 

Ans. Diameter, 25 bu\ 
shi, 5 bu\ 
arc, 22 bu. 

Process. Let the element tian be shi of the segment occupied by the water. 
From the statement we have 30000 for the positive shi, 7300 for the nega¬ 
tive fang, 600 for the positive first lian, 73 for the negative last Han, and 1 
for the positive yu, an expression*' ^ of the fourth degree whose root is the 
required shi. The sum of the square of one-half of the chord divided by the 
shi and the shi is equal to the diameter of the circle;* * * and twice the square 
of the shi divided by the diameter of the circle is the difference between the 
chord and its arc. Increase this difference by the chord, and we then have 
the required arc of the segment.*’* 
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[mm] 




[ 1 J x*-73x^ + 600*2 - 730Qt + 30000 = 0= ((^) 

[2] ®1I = 3, sa^. 5®^, d, c, /,. V, wm 

d=^+ Vo m) 

[3] ^ = <^ (W) 
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[4-if 1 

ISIS. #:!■'? 

S]S251f^, 

M. -7300?f;-;fc^;^4Ei:, 600:^?—<fc^ #.^t, -73 

^1)^, X: 

^M.o *'Jl^. 


8 . 

tJlJt] 

^ B : ;!KK“+-^o 

HW— ^Z, EM-, 

BBMo mz, BPA^o 



[ Notes ] 

[ 1 ] The expression in modem form is the equation: - 73 j:^ + 600x^ - 730Ctr + 
30000 = 0. (C) 

[ 2 ] Make tt ® 3, and let the circumference be /. the diameter d , the chord c. the arc 
/,, and the shi v . According to the gou gu ju yuan cat method in The Nine Chapters of 

(f)' 

Mathematical Procedures, d « » + v. ( G ) 

[ 3 ] Acording to Shen Kuo ’ s hui yuan method, / = c + (G ) 




r*!** 
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8 . After taking of the northwest comer, occupied by water, of a square piece 
of land the remainder is equal to 71 H-l-( square ) It is said that the 

distance from the southeast comer to the edge of the water is 108y fcu/ * ^ Find 
a side of the land and the length of the edge of the water. 

Ans. Side of the land, 85 bw, 
edge of the water, 21 bu. 

Process. Let the element tian be a side of the square. From the statement 
we have 19125 for the positive sW, 310 for the negative/ong, and 1 for the 
positive yu, a quadratic expression whose root is a side of the square. 


-H# NlbH^lsa 
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[^n] 

7112-^o(W) 

[2]m/2=|, iteBP: 2fl,-Xa^= l08-i-.(?P) 

[ 3 ] j:" - 31Qt + 19125 = 0= ( ) 

[4-it] 

7112^^0 2^*: U;3r 

I08y#o H 

:>■? 

■^f^|J 19125>{?'$■ 

Ai4-lfc, i-:<73|1^, 


9 . 

lifAJ 


I 

I 

Seventh'fifths of this root is the diagonal of the land. Subtracting from this 
diagonal the distance to the edge of the water we then have the diagonal of 
the pond. Twice this diagonal is the required length of the edge. 



[ Notes ] 

[ I ] L^t a side of the land be a,, and the length of the edge of the water . From the 
statement we have - (-j Oj )* = 71l2-j. (G) 

[2] Malce/?^- . that is. 108^ . (G) 

[ 3 ] The expression in modem form is the equation: x*-31CU:+ 19125 = 0. (C) 



£ Sg 

SS § 
r> 

Vi <-•» 
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9. A piece of land in the form of zfang-wu-xie-qi octagon has a pond 
of water of the similar form in the center. The area of the dry land is 
3977-^( square) bu .^" It is said that the mian jing to the edge of the water ail 



■7\m 
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m, gp^hEBS^o -^fajo 



[fin] 


[l]«tyr=-I. ieAfttt}-^Aft?iliM-ii^)-«'J^^a,^j. iti^s5J-j8'J^J,.S,itt:BP: 


2 » 


5j = + 4 X flj Xy'^j + 4 Xy^yOj)* s-^rr-a* 


5 

49 -?• ■^i - 49 ■’ 


S, - 5j = 397749 o ( » ) 

C 2 ] lltBP: a, + 2 x-|- Oj = flj + 2 <>2 + 2 x 17. ^< 1 , = o, + Ho (IP ) 

[ 3 ] ffl3^d^SLiW^1f3 : 16464^ - 362208 » Oo ( ^ ) 


14'iil 

5«t7A^aj, 

3977-^-^o l-T : /V^ 

iS::^;iL—^5']-362208 
16464 3^1fJyV^ — 



equal to 17 bu!^‘Find the width of the land and a side of the pond. 

Ans. Width of the land, 36 bu-, 
side of the pond, 22 bu. 

Process. Let the element tian be a side of the pond. From the statement we 
have 362208 for the negative shi, and 16464 for the positive fang, a linear 
expression^ ^ ’ whose root is a side of the pond. Adding to a side of the pond 


the difference, 14, we have the required side of the land. 



[ Notes ] 

[ I ] Make/Ts-^, and let the width and area of the land ben, and 5,. and a side and 

the area of the pond a, and S,. From the statement we have S, = a,* + 4 x o, x + 4 
It 1 (A./1 1* - 239 ^ o _ 239 ^ 

S, -5, = 3977^. CG) 

[ 2 ] Thai is, o, + 2 x-^ <i, = + 2 + 2 x 17, wa, = ^2 + . ( G ) 

[ 3 ] The expression in modem form is the equation: I6464x - 362208 « 0. (C) 


-7\m 
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10 . 

[JIXI 

Hi A, 

^S; 

7^0: j^AA-AASKA, 5flm^;S:c W-’SEAraA^^, HAA 
AA, -A^IS. AA?f:^,''^^#A3ittA. X: AAA-AAStA. 

^#A+-AiE^, HAAMA, -AIPS, AAJF;$:,t^i 

1#A5fllAo -^fnlo 



[ 1 ieilgS“5CM®. ^^S'JA^/,c,.v,. 

_ (4)» 

cj.v,. i&d^/T^TT^^ = 30c tiJ <A#irA>^K«gfflW^. (IP) 

[2] + 30* - 144 = Oo ([«) 

[ 3 ] - 30x + 81 = Oc ( ) 


[ 4 “itl 

AA-ffilw, 51®, *A516^«A24A, ']'51fi^^Al8 

A= f"T: A^ A? 

A 51 AAA. AilA^Ao 


10. The two segments of a circular piece of land are occupied by water. The 
chord of the large segment is 24 bu and that of die smaller 18 bu. ^^ Find the 
shi of both segments. 

Ans. Large segment, 6 bu; 
smaller segment, 3 bu. 

Process. Let the element lian be the shi of the large segment. From the 
statement we have 144 for the negative shi, 30 for the positive fang, and I 
for the negative yu, a quadratic expression ^ ^ whose root is the shi of the 
large segment. Again let the element lian be the shi of the smaller segment. 
From the statement we have 81 for the positive shi, 30 for the negative 
fang, and 1 for the positive yu, a quadratic expression^ ’ ^ whose root is the 
shi of the smaller segment. 
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{Notes 1 

[ t ] A right triangle is formed by the two segments ’ chords and the circle' s diameter. 
Let the diameter be d, the chcad and the shi of one segment and v,, and the chord and the 
shi of the other Cj and Vj. Therefore,d + cf = 30 . According to the gou guju yuan 

(■§-)* 

cat method in The Nine Chapters of the Mathematical Procedures, d = ■ + v. {G ) 

[ 2 ] The exjMcssion in modem form is the equation: -x* + 30x - 144 = 0 . (C) 







518 


11 . 

[1^*] 

lEflfc^iaA'flfeSff^.t*’ fal: ffl. 15, -K, 1^^ 

AM? 

^H: iSlfflSA I W-, [S]ftfe;ig-+-ii;-; 

a?ife1^A+-0ini^lzgM. 

7^0: :3:^A-^iaifife;^. ipr,^:3:o 1#A^'fcWA+s;:^3:A-H 

A+A^^MPs, nm^Mo -^r^o 



[ 3 ] The expression in modem fonn is the equation: x’ - 30* + 81=0. (C) 


11. A large circular tract of land — the ancient value of ir — has a circular 
pond—the mi value of it —at the top, a straight stream in the middle, and a 
square pond at the bottom. The area of the dry land is 1868 bu 4 fen Q li 5 hao 
2 si. '' It is said that 7 times a side of the square pond is less than the length 
of the stream by S bu 4 fen 4 li, but exceeds 3 times the width of the stream by 
2 bu 2 fen 4 /i; the sum of a side of the square pond and the circumference of 
(he circular pond is 30 bu\ and the diagonal of the stream is equal to the square 
of a side of the square pond. ‘ ^ •'Find the circumferences, diameters, lengths 
and width of the land, the circular pond, the square pond and the stream. 

Ans. Diameter of the land, 64 bu; 

circumference of the circular pond, 22 bu; 
length of the stream, 61 bu 4 fen 4 Ir, 
width of the stream, 17 bu 9 fen 2 li\ 
diameter of the circular pond, 7 bu; 
side of the square pond, 8 bu. 

Process. Let the element tian be the circumference of the circular pond. From 
the statement we have 77855126 bu %fen for the positive sW, 10553734 bu 4 
fen for the negative fang, 532301 bu 5 fen for the positive first lion, 11880 for 
the negative last lion, and 99 for the positive yu, an expression ^ ^ • of the 
fourth degree whose root is the required circumference. The other dimen¬ 
sions can be obtained by addition and subtraction. 


-H# 
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[1] BPo.4952i^„ iciSEBji. 

d. l^, d,. ft,, a,, fl,, liliJffiMg. - 

J|d,^ - fl|ft| - flj> = 1868.4952o ( ^) 

[2] r:t “ra-iJ-raM", 6i-sm om. 0 . 240 . itm-. ft, 

- 7a, = 5.44. 7a, - 3a, = 2.24, a, + /, = iO,Ja\+ ftj= a\oi%) 

[3~\‘'0'’ rz 5)-SiJB(J0.8i^, 0.4^^, O.Si^. (IP) 

99x* - 11880^’ + 532301.5^ - 10553734.4x + 77855126.8 = 

0„ (1^) 

4-;^—Bjw, Mjii, 

^^^1868.4952-^^= A*: 

1 -1: -ifc, m 

^7r^-M-^6].440, mn.920, 

^1-5']77855126.8 

, -10553734.4^*1-;^::^ #-4fc, 532301.5i*;—-11880 


12 . 

[MAI 



[ Notes ] 

[ 1 } A fen 9 It Shao2si fotiowingthcbu is 0.49S2 bu. Let the circumference and the 
diameter of the land be / and d «the circumference and the diameter of the circular pond /, 
and d^, the length and the width of the stream b, and , and the side of the square pond a^. 
According to the statement we have -i * 1868.4952. (G ) 

4 14 ' I I ^ 

[ 2 ] 4/en 4 U and 2 fen 4 It following bu are 0.44 bu and 0.24 bu respectively. That 
is, b^ - 7a j s 5.44, 7a^ - = 2.24, ly s 30,/^a*. (G ) 

[ 3 ] 8 fen, 4 fen and 5 fen following bu are 0.8 bu, 0.4 bu, and 0.5 bu respectively. 
(G ) The expression in modem form is the equation: 99x^ - ll880jr^ + 532301.5^ - 
10553734.4X + 77855126.8 * 0. (C) 



o 
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12. A square piece of land has a square pond in the center. In the center of the 
pond is an observatory with a square tower. The sum of the three ji [ the area 
of the dry land, the area of the water, and the volume of the observatory ] is 
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-^m, slit 

^B: Bg:^rA+eg/^; 

^j^AKo 

t^B: ^A7n--^^?F:^r8S:, ^#A"^-WH+H^^iE^. m 

"FA'S‘A+'t^^i^:^r. SW--i-'b^iE±*. -W-^IE-0, -t 

-j^iEPS, -^ihj. 



[iiSl 

[i]iB:^rffl, Amiisa, a,, a. Sl<j«ie 

(flj - a,*) + (a,» - a,») + a,»A = 5056o (W) 

[ 2 ] jtfcBP: - H^ + lw- (flj + A) = 0^fi. fAw ■*■ a^~ llj 

a^ - h ~ 9, a - a^a ( ?P) 

[ 3 ^ - 22*- + 102*^ + 527x' - 4697x + 8133 = 0„ ( BS ) 


[4-i?] 



5056 chi. ^^ It is said that taking the sum of the height of the observatory and 
the length of a side for the negative shi, 2 for the positive/ang, 1 for the 
negative Han, and 1 for the positive yu of a cubic expression, its root in¬ 
creased by the length of a side of the observatory is equal to 11 chi. The 
height of the observatory is less than a side of the pond by 9 chi. The square of 
a side of the observatory is equal to a side of the land. ^ ^ Find the sides of the 
three squares and the height of the observatory. 

Ans. Side of the land, 64 chi; 
side of the pond, 25 chi; 
height of the observatory, I zhang 6 chi; 
side of the observatory, 8 chi. 

Process. Let the element lian be a root of the given expression. From the 
statement we have 8133 for the positive shi, 4697 for the negative/ang, 
527 for the positive first lian, 102 for the positive second lian, 22 for the 
negative last lian, and 1 for the positive yu, an expression ^ ^ ’ of the fifth 
degree whose root, 3, is the required root. 



Lv. J 
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[ Notes ] 

[ 1 ] Let the side of the land be o, the side of the pond a, .and the side and the height 
of theobservatoryfljand A . From the statement wehave (a* - aj) + {a]-a\) + 

h = 5056 .(G) 



>^Wft^ii-|fe64K, :^}^6^i&-i^22A, 

1 3L6X., :5r^;6^i4-lfc8X-o 

4fSi]8l33i& 

'I’ii^, -4697 3(» —527^&—102 4^ 

it, -22i<Ji;9;ii^#.«:, *t 

13 . 

[JS*] 

^=fii]Ea-ia. [^g^ia]?fe. -sw 

KRof'Ks: mr.mWVJ,^1fnZ, ffl#. g;t. 

^^^?F:^rlS»M?F:^r3!S:-:51-:^-. f«1: ^mmR 

^S: M-W0+E/^; 

-=PSH0+pg;^M:^r.-"FAWA-1-Am±*, 

m, -tt-mras. -^^je®. 


[ 2 ] That is, if tv is one of the roots of the equation tv’-H^ + 2H’-(aj + A) = 


0, then tv + Oj = 11; o, - A = 9.a = o,^. (G ) 

[ 3 ] The expression in modem form is the equation: - 22x* + 102i^ + SIIjc^ - 
mix + 8133 = 0. (C) 


13. A circular field has a circular pond at its center. In the center of the pond 
is a circular observatory. The sum of the three ji [ the areas of the land and 
the pond and the volume of the observatory ] is 9504 chi .^' ^ It is said that the 
square of the sum of the square roots of the circumferences of the observatory 
and of the pond equals the circumference of the land. The square root of the 
circumference of the observatory is one-half of the square root of the circum¬ 
ference of the pond and is less than the height of the observatory by 2 chi. 
Find the circumferences of the circles and the height of the observatory. 

Ans. Circumference of the land, 324 chi', 
circumference of the pond, 144 chi', 
circumference of the observatory. 3 zhang 6 chi; 
height of the observatory. 8 chi. 

Process. Let the element tian be height of the observatory. From the state¬ 
ment we have 112768 for the negative shi, 2544 for the negative fang, 
1888 for the positive first lian, 616 for the negative second lian, 72 for the 
positive last lian, and 1 for the positive yu, an expression' * * of the fifth 
degree whose root is the height of the observatory. 


■7\m 
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a. + <12^-1^^) ■^j^VA = 9504„ (IP) 

[2]iH;BP: iJX*fr^Y = i, /^=^/7r. /i-/r=2. (?P) 

[ 3 ] Jt* + 721 * - eidr^ + ISS&r^ - 2544^ - 112768 = Oc 

m) 

{^n\ 

ffl® 6(iM-it 324 )?.. 144X., 

-112768 

-2544^ — >k^^^4t, I888 7(?—-616 


14 . 

im:Sc] 

^B: 

7its: im^Zo 



[ Notes 1 

[ I ] Let the circumference of the land be 4 the circumference of the pond and the 
circumference and the height of the observatory /jdnd h. From the statement we have 

<12'■-n''"' * <i2'.’-i2'>’> ♦sV'' = «504. (G) 

[2] Thai is. = JT^=yX, A - /^=2. (G) 

[ 3 ] The expression in modem form is the equation: + 72*' - 616jr^ + ISSSx* - 

2544^ - 112768 = 0. (C) 


14. A circular pond is inscribed in a piece of land in the form of an isosceles 
triangle whose width is 14 bu and length 24 bul ' ^ Find the diameter of the 
circle. 

Ans. 10 ^bu. 

Process. Let the element lian be the diameter of the inscribed circle. From 


-H# l^}:H^l]Sa 


Ampi. nm'^o 



528 



[am] 

+-^a)dc (IP) 

[ 2 ] 6x^ *49x- \ 176 = 0. ( MO 

131 14 #, -^ 24 #, i^: 

$-: lOy#. 

49M}'-±^l?-4t, IfJ'iSlSo 


15. 

[®3:] 

4'^'^3®Ea-e. 


the statement we have 1176 for the negative shi, 49 for the positive/ang, 
and 6 for the positive yu, a quadratic expression ^ ^ ^ whose root is the re¬ 
quired diameter. 



{Notes ] 

[ 1 ] Let the width and the length of the land be a and b. and the diameter of the 
circular pond d. From the land’s area we have: oh = *~a) d. (G) 

[ 2 ] The expression in modem form is the equation: dr* + 49x - 1176 = 0. (C ) 
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15. A piece of land in the form of a right triangle has its gou equal to 18 bu 
and its gu 24 bu. Inscribe a circular pond in the piece of land.'' ^ What will be 
its circumference? 

Ans. 36 bu. 


7C 


m 

T 
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[1 lie's?®EHW-feJ, ®. §IS^^5^^SlJ*a. b, d, 

d = —{$P) 
a + fc + /«r + <>* 

[ 2 ] : ^ - 252^ + 7776 » o« (^) 

[4^1 

-^: 36^0 

(adP^P,;5-ii-^*«fo S>J 7776 ?{; 

fifi. -252;J<;-:*.^#.|fc, 1 


16 . 

[US:] 

i^: ^:^mjii^? 


Process. Let the element tian be the circumference of the inscribed circle. 
From the statement we have 7776 for the positive shi, 252 for the negative 
fang, and 1 for the positive yu, a quadratic expression'^^ whose root is the 
required circumference. 




[ Notes ] 

[ 1 ] Let the gou and the gu of the land be a and . and the diameter of the inscribed 

pond d. According to the gou gu rang yuan method in The Nine Chapters of Mathematical 

Procedures, d *- - .(G) 

a + b Va^ * fr 

[ 2 ] The expression in modem form is the equation; x* - 2524: + 7776 = 0. ( C ) 
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16. The gou of a right triangular field is 6 bu and the gu 12 bu. If a square 
pond is dug respecting the gou,^ • 1 what is the value of a side of the square? 
Ans. 4 bu. 

Process. Let the element tian be a side of the square respecting the gou. 
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Eg^o 

PXim^Zo -+Am 



[ 1 ] ffi. b. d, Si n 

m^-f:^-. («) 

a + o 

[2] I&x-72 = Oo(S9;) 

4^^-43»tW, 6#, St 121^0 fij. 

:>■? 

41^0 

-??-J'J-72^^1|E' 


17. 

[jl:d;] 


From the statement we have 72 for the negative shi and 18 for the positive 
fang of a linear expressionJ ^ Solving this expression by division we ob¬ 
tain the required side. 



[ Notes ] 

[ 1 ] Let the gou and the of the right triangular field be a and b, and the side of the 

square pond d. According to the gou gu rang fang method in The Nine Chapters of Math- 

ematical Procedures, d = — ^ . . ( G) 

a •¥ b 

[ 2 ] The expression in modem form is the equation: {&r - 72 « 0. (C ) 





€/> 
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17. A ladder-formed^' ’ field has its small width 8 bu, large width 32 bu, and 
length 22y bu. If a circular pond is dug respecting the large width, what 
will be its diameter? 

Ans. 19 bu 2 fen. 


^ 0 : 

^#-+H:^A^-wpg+ 

m^Z^A^}k1f, -WH+il^^APi, 

M^o -of^o 



[jSSJ 

[ 1 ] -AS^^=H;T®o im) 

[2] ie«iEW/Ms, ±ia, -K. m^m^.6^miha,,b. d, xidisifife h^ 

frTvh. 

[3] 135^ + 460&t - 138240 = Oo (1!^) 

-J.|^8#. ;t^32-i^, -)fc22y#„ ^^fc-f 

1-1: 

19.21^0 

ia:io^R;!r>i:^L*ftfolfS'J-138240:)'7')|5-4t^, 

a. ^-^^^ri-lo 

18 . 


Process. Let the element tian be the diameter of the pond. From the state¬ 
ment we have 138240 for the negative shi, 4608 for the positive fang, and 
135 for the positive yu, a quadratic expression whose root is the re¬ 
quired diameter. 



[ Notes ] 

[ 1 ] A figure in the ladder-form is an isosceles trapezoid. Its small width is the 
upper base and its large width the lower base. (C ) 

[ 2 ] Let the ladder-formed field’s small width be<i,, large width a, • length b . and 
the circular pond ’ s diameter d. And let the middle width be <i,. which is in the circular 


h - d _ “3 


a, - a. 


a, -fl, 


pond and is parallel with the small width and the large width.Then. 

[ 3 ] The expression in modem form is the equation: 135 j:^ + 4608j: - 138240 = 0. 


(C) 


18. A ladder-formed field has its large width 32 bu, small width 8 bu, and 
length 22 y bu. If a circular pond is dug respecting the smaller end of the 
field, ^^ what will be its circumference? 


?^B: irnmcto -■&- 

fSJo 



[fim] 

[ 1 ] iewEBWAW. ±m. a,, b, d, 

> 6 a, - a, a, - a, 

I5j* - 128x - 960 = Oo ( » ) 

[3]^±#E "^;^" T»h “^#5gEag, apfft)^" 

^;^r-;|^W, :fcl^32ir. 'J'f^SI^, ^22j-^o 4'«1"'J'*-t^-ia 

-z, (■"T; 

40 

^fj-960 ^-iT* 



Ans. 40 bu. 


Process. Let the element tian be the diameter of the pond. From the state¬ 
ment we have 960 for the negative shiy 128 for the negative/ang, and IS 
for the positive yu, a quadratic expression.^ Solving the expression by 
the zhi fen method, since the root is not integral, we have the diameter of 
the circlcJ^^ 



[ Notes ] 

[ I ] Let the ladder-fonned held* s small width be a,, large width . length b , and 
the circular pond*s diameter d. And let the middle width be which is in the circular 
pond and is parallel with the small width and the large width.Tben,-^ = ^ 



[ 2 ] The expression in modem form is the equation: 15jr^ - 128jc - 960 » 0. ( C) 
[33 It is unnecessary that Luo Shilin added nine characters ** de rang yuanjing, 
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son zhtji chi ihou " following '* zhi ”. (G ) 
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19. 

m, -::^iEIS, ±iTn:t. nmaAB'^^, 

)^nm] At^o^'^ i^: Hflfe^siLfsr? 

^H: AWS+S^:n.+-t^^;3:H+A„ 

^B: 35:^7e-^Jf:fir^S[. ^f-WH^-A^M^. -+-t 

m*-, -^^iEiii. vm^m, ^ 

ifomm'^o X: irn^Zo ^#E^-wA+- 

“WEt-m/j. -ifoiEm, >s^. 

UZ, E±= :5i^, 

m, vj,^mz. Afl±. E;t. mm-, vj.^^z, >3 

feo min^m-o i^Z, =Z, BPriftbmo 



[jJS] 

[ 1 ] Jlt5f TT = 3. iQBlEB^. l, d, w w’ - 5*v^ + Mw 

- {/-6) =0K«, H- + .f = 48„ ($P) 

[2] ?F:^AWaft®i':*: ^ - 5j^ + nx ~ m = Oo m) 

[ 3 ] ^ + 252x - 5292 = 0. ( BS ) 

[ 4 ] 


19. There are three equal circular ponds tangent to each other and tangent 
internally to a large circular field. It is said if we take the difference between 
the circumference of the field and 6 for the negative shi, 14 for the positive 
fang, S.for the negative lian, and 1 for the positive yu of a cubic expression, 
and its root increased by the diameter is equal to 48 bu!-' ’Find the sum of Che 
areas of the 3 circular ponds. 


Ans. 855 bu. 


Process. Let the element lian be the root of the given expression. From the 
statement we have 138 for the negative shi, 17 for the piosiiive/ang, 5 for 
the negative lian, and 1 for the positive yu, a cubic expression ’ ^ ’ whose 
root is 6 bu. Subtracting this root from the given number, the remainder is 
the diameter of the circumscribed circle. Again let the element tian be the 
diameter of one of the equal circles. From the statement we have 5292 for 
the negative shi, 252 for the positive fang, and 1 for the positive yu, a qua¬ 
dratic expression’^’whose root, a mixed number, is the required diameter. 
To find the areas of the equal circles, reduce the root found to an improper 
fraction. Square the numerator, subtract the numerator from the denominator, 
multiply the remainder by the numerator and add this result to the result 
obtained above. Take three-fourths of this sum for the dividend, square the 
denominator for the divisor, and divide. The quotient reduced to lowest 
terms is the area of one of the smaller circles. This area multiplied by 3 
gives the required area of the three circles.^*’ 
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7C 

m 

T 
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-(i-6) + 14j-5*> + ^ = 0. 

Piy, 1 = 6* I4x - 5x^ * x^o 
m. i = 3d*3(4S -x). 

.-. -128 + 17x - 5x^ + x’ = 0, x = 6, 48 - x = 42, 

T;SRm@l 3 C 42 - x ) =4x’, « 

-5292 + 252t + x^ * Oo 

141 

». 1 + 252 - 5292 (19^ 

19 •»• 5149 
271 - 143 
19 

.■.x= = 

[ 143 { 291 - 143) + (5672)n-J--i- (291 )* = 285-^|y-. . 

m) 

1 

I“l: 3^ffl 

855||l^o 

-5 2&— 

^^S'\-5292}htM, 252^- 



[ Notes ] 

[ I jMake 7r= 3, afxl let the circumference and the diameter of the circular pond be / 
and dy w is one root of the equation - 5w^ + I4w • (/-6) s 0,w -h d 4H. (G) 
[ 2 ] The expression in modem forni is the equation: + 17x - 138 s 0. 

(C) 

[ 3 ] The expression in modem form is the equation: 4- 252x - 5292 s 0 . (C) 
[ 4 ] The solution in modem form is as follows: 

-(/-6 ) I4 x-Sx^4 j:^s0 , where / stands for the circumference of the large 

circle. 


Then / * 6 4- 14x - 5x^ + 

But l^id’*‘3(48^xX where d stands for the diameter of the large circle. 
-128 4- 17x - 5x^ + x^ » 0* X s 6,48 - X s 42, diameter of the circle. 


Again let x be the diameter of one of the small circles. 

Then we have 3 {42 - x) = 4x^, or -5292 + 252x 4- x^ = 0 

143 

Solving, 1 + 252 - 5292 ( 19^ 

19 4- 5149 
271 - 143 
19 

. x=\9^ 

■ • 291 291 ■ 

[143 ( 291 - 143) + (5672)*]-^+ (29l)» = 

4 


285 


10476 12 

84681 285 • (C) 
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1 . 

AE, m^“E; X^-Wra+“W. gR^-E„('l^^E 

-t:fLK. ^E^^Si^Etc-;^l. ±P^^E^-Rof^n°l: 

^B: MH+5Wt 

^“iAR. ^“+AE; 

ISg-jfcAR, M-+HMc 

I O T ^ 

O ¥ I ^ 


¥ I O ^ 


li!l llilf 




iPAe, iESl^A:^. tL%7t-% 

l®E^. ^#=+S77A^AW-+^^^ilge, 

XAtu-A^E^. ^#H+E:^Af■AW-+AA^^, 

^%WS, -AiEI^, 

^#^E-tco'*' X: XA^-::^^E-R, 5pm^;2:o t#-:+3::^Ai" 


Fang Cheng Zheng Fu ( Simultaneous 
Equations Positive and Negative ) 

8 Problems 

1. With 273 Hang of silk one can make 7 pieces of brocade and 1 of damask 
and with 247 Hang 8 pieces of damask and I of satin; with 242 Hang 9 pieces 
of satin and 1 of brocade. ^' Subtracting from the square of the length of the 
brocade the length of the damask, squaring the remainder and adding the length 
of the satin, we have 358829 chi. The length of the damask is less than the 
length of the satin by 2 chi but exceeds the length of the brocade by 1 chi} ^ ^ 
Find the length of each piece and the amount of silk used each. 

Ans. 35 Hang of silk used in 25 chi of brocade; 

28 Hang of silk used in 26 chi of damask; 

23 Hang of silk used in 28 chi of satin. 

Brocade 1 0 7 

Damask 0 8 1 

Satin 9 1 0 

Silk 242 247 273 
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Process. Find the amount of silk needed in each of the three colors by the law 
for solving simultaneous equations with positive and negative terms. ^ ^ ^ Let 
the element nan be the length of the brocade. From the statement we have 
358825 for the negative shi, 3 for the positive/ong, 1 for the negative upper 
Han, 2 for the negative lower Han, and 1 for the positive yu, an expression^ ■* ’ 


-H# 
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't+-m±^, -+raj^^T 

m, -^iEis, mmm^. -^f^, 

[i-iiS] 

7x + y + 0 s 272 
0 + 8y * z = 247o () 

X + 0 + 9z * 242 

[2]ieffi, fr. c, jltBP: (o^ - 6)^+ c = 358829, c 

-fe = 2. fc-fl = lo(IP) 


[3] 

7« 

1^ 

om 

273^ 

(1) 


om 

8S 

im 

247^ 

(2) 


1^ 

0*t 

69m 

1842 M 

(3) 

(3) X 7, 

7tS 

Of* 

-62 m 

1694^ 

(4) 

(1) - (4). 

0i$ 

If* 

-62 m 

-M21 M 

(5) 

(5) X 8. 


8* 

-504 n 

-11368M 

(6) 

C2) - (6). 



5051*? 

11615it 





m. 

23mMo 

(BS) 


[4] x*-2x»-x^+ 3x- 358825 = 0^ ( Bf) 

[5 ] ■. / - 6/ + liy - 5>- - 358826 = 0, ( BS) 

[ 6 ] ?« - Mr* + tiz* - 153? - 358708 = 0, ( b^ ) 


[ 4 -i? J 

4"^M273«, SR4*7E, XM247i^, «R^8E, 

XM242«, iP,li?9E£, ^4^ 1 Eo 


of the fourth degree whose root is the length of the brocade. 

Again let the element tian be the length of the damask. From the state¬ 
ment we have 358826 for the negative shi, 5 for the negative fang. 11 for 
the positive upper lion, 6 for the negative lower lian, and 1 for the positive 
yu, an expression ^ ^ of the fourth degree whose root is the length of the 
damask. Again let the element tian be the length of the satin. From the 
statement we have 358708 for the negative shi, 153 for the negative/nng. 
71 for the positive upper lian, 14 for the negative lower lian, and 1 for the 
positive >>«, an expression'of the fourth degree whose root is the length 
of the satin. 

[ Notes ] 

[ 1 ] Let the amount of silk used by brocade be x, used by damask y, and used by 
satin 2 . The equations are the same as the group of linear equations; 

7.r + y + 0 = 273 
0 + 8y + z = 247. (C) 
jc + 0 + 9z = 242 

[ 2 ] Let the length of the brocade be < 2 , the length of the damask t>. and the length of the 
satin c. From the statement we have (a*-b)’ + c = 358829, c-b = 2,b-a = 1. (G) 


[ 3 ] 7 brocade 

I damask 

0 satin 

273 silk 

(1) 

0 brocade 

8 damask 

1 satin 

247 silk 

(2) 

1 brocade 

0 damask 

69 satin 

1842 silk 

(3) 

( 3 ) X 7, 7 Nocade 

0 damask 

-63 satin 

1694 silk 

(4) 

( 1) - (4 X 0 brocade 

1 damask 

-63 satin 

-1421 silk 

(5) 

( 5 ) X 8, 

8 damask 

-504 satin 

-11368 silk 

(6) 



58829 X.O 2 JL. >b#EE 

^$\Ko 1»1: ^'? 

4^2ii5JL, ^35^; 

^23t6K. «28^; 
m2iiSJL, ^23^0 

^to jititTC,—^:;**:^!’.;5^i±■^*l^fo-f^^'J-358825?';'#-*: 
33(;—-1^(1—;*:^^-^, 

4fJ'J4$E-^o X: ^:^*. 

-358826 -5 U 

&4k. X: ■iit^7t-^i7^«E-^fc, 4^S'J-358708 

-153i(j—71 ?(?— 

*. 1 7^e9^;5r, ^-^^/fl-To 


2 . 

[JISl 

:a^t^m"-M0WA:sco 
a.m^^, ^fc^#-+A4o 

+-4c ^t^#H+-t4= 

, AWKl^Xo 

Xa. ^4^frfP^#“W-+Xc *4ffr4'5P?(^4^frAXo 1^: Hfe^l4 

^H: A-ift-tX—X; 

M-mA^■, ^-iftAxmX; 


(2)-(6X 


S05 satin ll61S5ilk 


satin, 23 Hang of silk. (C ) 

[ 4 ] The expression in modem form is the equation: X* - 2x^ - + 3x - 358825 

= 0:(C) 

[ 5 ] The expression in modem form is the equation: / - hy’ + I ly* - Sy - 358826 
= 0. (C) 

[ 6 ] The expression in modem form is the equation: z* - Hz’ + 71z^ - 153z - 
358708 * 0. ( C) 


2. Miliet, wheat, and beans are sold for 3408 cash. Hie weak half of the millet, 
the great half of the wheal, and the middle half of the beans are equal to 28 
dou-, the middle half of the millet, the less half of the wheat, and the great half 
of the beans are equal to 32 dou; and the strong half of the millet, the middle 
half of the wheat, and the great half of the beans are equal to 37 dou. One- 
third of the price of a dou of millet, five-eighths that of a dou of wheat, and 
one-half that of a dou of beans amount to 87 cash; and the price of a dou of 
wheat and a dou of beans amounts to 110 cash; the price of a dou of wheat is 
less than that of a dou of millet by 8 cash. Find the amount of each kind of 
grain and the price per dou. 
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1 T II! ^ 

T III! ¥ ^ 

¥ 1 T ^ 

1111=1111 III^IIII III^T 


:^:t, iE^^AZ. &nn^, t 

XHfe4m. ^#=SA+AS;, 

m, -+-^^:Sr. ±^TfeifD^,t^i ^#;^^t4^fr't-^z::A;o X: Z 
A-iSf, im>^z. »^WA+A?^iE^, —f'-^M:^r. 
?Fieffl^:^ffi]-,f’M#*4fiVA4ras;c xx:A^~l^3.4-^, io 


IjSRI 


[ 1 ] 


2 

4 

1 

2 

2 

3 

37 


2 

2 

1 

T 

2 

4 


1 

4 

2 

T 

2 

2 


32 28 


6 

8 

444 


6 3 

4 8 

9 6 

384 336 




Ans. Millet, I shuo 6 dou\ price per dou, 72 cash; 

Wheat, 1 shuo 8 dou; price per dou, 64 cash. 

Beans, 2 shuo 4 dou; price per dou, 46 cash. 

Millet 9 6 3 

Wheat 6 4 8 

Beans 8 9 6 ■ 

Total 444 384 336 

Process. By the he fen method' ‘ > and then by the law for the solution of 
simultaneous equations with positive and negative terms, we obtain from 
the left column the millet, from the middle the wheat, and from the right 
the beans. For finding the prices of the three kinds of grain use the 
same method. We have 2088 cash for the total price. ^ ' Let the element 
lian be the price of a dou of millet. From the statement we have 864 for the 
positive shi and 12 for the negative fang, a linear expression.f*^ By divi¬ 
sion we have 72, the price of 1 dou of millet. Again let the element tian be 
the price of 1 dou of wheat. From the statement we have 768 for the posi¬ 
tive shi, and 12 for the negative/ang, a linear expression ^ ’ whose root, 
64, is the price of 1 dou of wheat. Again let the element tian be the price of 
1 dou of beans. From the statement we have 552 for the negative shi and 12 
for the positive/ortg, a linear expression ‘ ^ whose root, 46, is the price of 1 

dou of beans. 
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[ Notes ] 

[ 1 ] Composition and division which means removing fractions by multiplying by 



-H# WftH^llsa 


9^ + 6>' + 8^ = 444 
6 x + 4y + 92 = 384 
3x + 8>' + 62 = 336o (eS) 

Jf 0 0 

0 )• 0 

0 0 z 

16 18 24, (» ) 

j|-a+|-6+|c=87 

[ 3 ] . ma*b^ no 156+ 12c = 




\a - b = i 

2088, (%) 

[4] -12x + 864 = 0, (Bfi) 

[5] -12y + 768 = 0, ( ) 

[ 6 ] ff : 12z - 552 = Oo (ISS ) 


[4“«I 

4 ^^^. dfc. A, *jfe4?l3i3ir408Xo 
*4|-28+; 

’ *-f?-37+o A 

:>-83t„ f-l: :>'? 

^6+, +-ffr723t; 

^1^8+, +^^643:; 

^ 2 ^ 44 , 4’W-46Xo 


the common multiple as shown in the following solution: 




± 

4 

2 

3 

X 

2 

28 


by the he fen method we have 9 

6 

8 

444 


6 3 

4 8 

9 6 

384 336 


The expressions in modem form are (he equations: 


9x * 6y + iz 444 
dr + 4y + 9z = 384 
3r + 8y + 6z * 336 . (C ) 

[ 2 ] Firstly, use the he fen method in The Nine Chapters of Mathematical Proce¬ 
dures to get the common denominator. Secondly, by cancellation it becomes: 


X 0 0 

0 > 0 
0 0 2 
16 18 24. (G) 


[ 3 ] Continue to use the Ae fen method, make the hnt line of the group of equations 
4c = 87 

c -f & s no become8<1 + \5b ^ ]2c ^ 2088. (G) 

a - b = $ 

[ 4 ] The expresMon in modem fonn is the equation: -12jr + 864 = 0. (C ) 

[ 5 ] The expression in modem form is the equation: -I2y + 768 = 0. ( C ) 

[ 6 ] The expression in modem form is the equation: 12z - 552 = 0. ( C) 
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SL^. S.S.^^^ifr, 
-^L^^*&^:T^i■^^, ^S'j2T88:i. lii^TL- 

4t, ^f-i'J^-l-ffr72:^10 -i^-: iSl^ 

f^a, ^^S']*+-ffr64i:. 5L: 

-^■ffr. ^:^*»^R^^^^4t■)^fo^^■J-552^^7'3r^fc^, ».4t, 552 


3 . 

[ffis] 

^E0#-a, ^^Ah— hs:^J‘s;3:Ao Hs: 

;^2, 1f3^, m^A5>:t“. ^-+z:^^o 

=6^z~, x4^m 

^rnA^z^, nxmm^z^, 

^0: ^^H-t-^, SSA^o 

1^ .. ^ 

¥ to li 

1 m I 

llll±o |||||=¥ I 


lllllollll 
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3. There are two pieces of land, one in the form of an isosceles triangle and 
the other in the form of a trapezoid. The total area is 8 mu. From the sum of 
five-sixths of the great width and two-thirds of the small width of the trap¬ 
ezoid take three-eighths of its length, the remainder is 22 bu\ from the sum of 
one-thirds of its great width and three-fourths of its length take five-sixths of 
the small width, and the remainder is 40 bu; from the sum of one-third of its 
small width and flve-eighths of its length take three-fourths of the great width, 
and the remainder is 21 bu. ^ ‘ ^ Twice the length of the isosceles triangle is 
equal to the square of its width.^ ^ ^ Find the length and the width of the land in 
the form of the isosceles triangle. 

Ans. Length 32 bu\ 
width 8 bu. 



-18 

4 

20 

great width 

8 -10 

16 

small width 

504 

9 

-9 

length of trapezoid 

504 480 

538 

remainder in bu. 



^B-. maim, ^nn 

^#^^H+-^o X: $pm^:^o ^#EW 

-mPS, 5t:5'JF:t,t"M#^^Ai&o -a-No 

[nm] 

[1] isti^BiW:fc»!g. a^. h. 

mm, 

Ifl, + -| flj --l-t = 22 / 20fl, + \6a^ - 9b = 528 

■ 7''. “i ‘>1 *i‘’ = ‘*0= < 4fl, - lOa, *9b = 480„ ( $11 ) 

_^a, +-|-/> = 21 ( -l&j, + 8aj + 15f. = 504 

[2] iE^BWifc. m^mif3c, rflltBP: 2c = d^o ($P) 

t3] iiksfeffl smTE. 

0 0 

0 Oj 0 

0 0 O, 

64 24 36o ( » ) 

[4] ^fflSIRS, = ^ C a, +«,) 6 =-|-(36 + 24) x 64 = 1920)^= 8ffl. 
= 8-^' 8 

[ 5 ] ^ - 32768 = 0, ( BS ) 

[6] A:!^: ^ - 512 = 0„ (fif.) 

[4^itl 



Process. By the he fen method and then by the law for the solution of 
simultaneous equations with positive and negative terms, we obtain from 
the left column the length, from the middle the small width, and from the 
right the great width of the trapezoid. ^ * - The area of the isosceles triangle 
can be obtained by subtracting the area of the trapezoid from the total area 
given.f*^ Let the element tian be the length of the isosceles triangle. From 
the statement we have 32768 for the negative shi and 1 for the positive 
yu, a cubic expression^ ’' whose root, 32, is the required length. Again let 
the element tian be the width of the isosceles triangle. From the statement 
we have 512 for the negative and I for the positive yw, a cubic expres¬ 
sion^*^ whose root, 8, is the required width. 

[ Notes ] 

[ 1 ] Let the great width, the small width, and the length of the trapezoid be o,, a,, 
and b respectively. The equations of the problem is the same as a group of linear equations; 

= 22 /20n, 4 - 9fc = 528 

, 4-^i = 40. By the he fen method, it becomese 4<2, - lOOj 4 % = 480. (G ) 

”"4^1 4-^aj = 21 ("1^1 + SOj 4 15f> = 504 

[ 2 ] Let the length and the width of the land in the form of the isosceles triangle be 
c and d respectively. From the statement we have c = <P. (G ) 

[ 3 ] First, use the he fen method in The Nine Chapters of Mathematical Procedures 
to get the common denominator. Secondly, by cancellation we have 

fr 0 0 

0 Oj 0 

0 0 fl, 


64 


24 


36. (G) 





J , , -^401^; 

|. 1^21^0 

i^-1^32-f^, ^ 8^0 

-jfe, t-ff-?f*'J'N, ;fr^f-f?*:^:.Wo X# 

W6^*:^J^ai^.,eIe^R, iiti^>t-?<I±®4^r-ife, «:4a 

^*'J-327681 ?(l**JJt^jSi*, 7^^:$-, 
#J'j±Wft'l-ie:321^o -8.: ■Jil:^>L—± ® „ 

4^f>J-512 

4 . 

[m3t] 

^0: z.-fr—W. ^-+“W; fAlto 

1! II III ^ 


II III II 2* 

HI |g I n 
-llo -||o -llo ^ 


14 ] The area of the land in the form of the trapezoid is 

5, = y ( ^ d =*|-( 36 + 24) X 64 » 1920 square 6« = 8 mu, and the 

8 8 

area of the land in the form of the isosceles triangle is S, = Sjj - 8 = y^mu. (G) 

[ 5 ] The expression in modem form is the equation: - 32768 s 0. (C) 

[ 6 ] The expression in modem form is the equation: - 512 s 0. (C) 
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4. Jia, Yi, and Bing each bought a certain quantity of &iUt. Jia say& if he gets 
two-thirds of Yi’sand one-third of Bing’s he will then have 2-^ jin', Yi says 


if he gets two-thirds of Jia’s and one-half of Bing’s he will then have 
2-^jin; Bing says if he gels two-thirds of Jia’s and two-thirds of Yi’s he will 
then have 2-j jin. ^^ From the square of the less half of the price of each 
Hang take the great half of the price of each Hang, square the remainder and 
add the great half of the price of each Hang-, the result is 2822484 cash. 
Find the amount of silk each bought and the price per/in. 

Ans. Jia* s silk, 1— Jin', 

Yi ’ s silk, 1 Jin 2 Hang] 

Bing’s silk, 12 Hang-, 
price per jin, 2016 cash. 


C’-> 

as 

as 

rn 



557 



7 ^ 0 : SM, SM. ta:frm, jE^y^A:^o p.nmm 

tfz:^A+-:^“TrawA+pg^&^, m^}A±m, es 

-j^iEPS, ^miTJ^z, vm-tArnz, 
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[ 5 i«l 

[i]iB'p. Z-. b. c, 

6a + 4i» + 2c = 15 


o +^b +^c = 2^ 


*1“ <i + 6 +yc » 2y 9 t it^: < 4<j + 6fr + 3c = 15© (IE) 


■2-a + -l-i + c = 2y 


4<2 + 4/> -h 6r s IS 


[23 JltEP: [(|rf)»-|-dl»-*-|-rf = 2822484o(W) 

[3] Jtt:5feffl <-/L#H:^> S«7c. it^-. 


c 

0 

0 


0 

b 

0 


0 

0 

a 


3 

4 

■i • 

■i 

. (IP) 


- 4;B + 4^ + 2t 

- 2822484 = Oo (ISR) 


[ 5 ] 20 tftia 50 16 M I ff-o (IP ) 


[4-W] 

#^2^;To 

2822IT84ilo 
f-l: 


2 2 3 Jia’ssilk 

2 3 2 Yi’ssilk 

3 1.5 1 Bing’s silk 

120 120 120 total 


Process. Reduce the jin to Hang then mutiply each term ( of the equation ) 
by the denominator. By the rule for simultaneous equations we obtain 
from the left column Bing’s silk, from the middle Yi’ s, and from the 
right Jia ’ s.^ ^ ^ Let the element tian be the less half of the price of a Hang. 
From the statement we have 2822484 for the negative shi, 2 for the positive 
fang, 4 for the positive upper Han, 4 for the negative lower Han, and 1 for 
the positive yu, an expression of the fourth degree whose root is 42. 
Multiplying this root by 48 we obtain the price peryin.^*^ 


[ Notes ] 

[ l ] Let the amount of silk Jia bought be a, Yi bought b, and Bing bought c. The 
equations of the problem are the same as the following group of linear equations: 

^ 6a + + 2c = 15 

I I Multiply U by denominators, 

— c = 2:r 


^ ^ ^ • 2:r 


-i-a + b 


‘jfl + y fc + C - 2y 


and it becomes: 


4a + 6b + 3c » 15. (G) 
4a ^ 4b -f 6c s 15 


\ ^ 

[ 2 ] Let the silk ’ s price be d. From the statement we have: [ (^4) ^ - yd ] * + 
j-d = 2822484. ( G ) 

[ 3 ] Firstly, use the fie fen method in The Nine Chapters of Mathematical Proce¬ 
dures to get the common denominator. Secondly, by cancellation, it becomes: 

c 0 0 


0 


0 0 


0 


a 


3. .J. .J. 

4 ‘8 *2 


. (G) 


-7\m NlfcH^lSB 
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^12^, ii}ri(r2tl6iio 

i-ft-ff^^«, 

^i'l-2S224S4lhtit^, 2 

Sij42-<o ^:^48 3^i^, •l5-^»ri-lo 


5 . 

[JS*] 

K5: m^mm, 

xi^:kmr., 'm^, m^m%, ii?-- b-e^o 
m:km=., 3S^-+e^o''' f^: 


#B: 

U II 


I M 




7^0: na:^m, iEn:^AZo ^nn^bm, ^nnA 

^m^Zo - 

^^iEPs. n^mo -^1^0 


[ 1 ] 't’S^, A^m^^ilf^a.b.c. RiJHSWlii^ffi 



[ 4 ] The expression in modem form is the equation: x* - 4x’ + *2x - 2822484 

= 0. (C) 

[ 5 ] One jin was 16 liang before 19S0s. ( G) 




S. In a piece of land of three oblique sides ( scalene triangle ) the great side 
plus twice the middle side minus four times the small side equals 15 bu\ twice 
Che great side plus three times the small side minus five times the middle side 
equals IS bu\ and twice the middle side plus the small side minus twice the 
great side equals 15 bu. ^^ Find the middle leg. 

Ans. Middle leg, 36 bu. 

~2 2 I great side 

2-5 2 middle side 

1 3—4 small side 

15 -15 15 bu 


2 r: 

S 

ss S 

rt •< 

n 


C/9 




S61 


Process. By the law for the solution of simultaneous equations with posi¬ 
tive and negative terms, we obtain from the left column the small side, 
from the middle the middle side, and from the right the great side. ‘ ^ ’ Let 
the element tian be the middle leg. From the statement we have 1296 for 
the negative shi and 1 for the positive yu, a quadratic expression- ’ ^ whose 
root is the required leg. 



m 

7t 

2 

m 

T 
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[2] lltBPtt:®: 


o + 2f» - 4c = 15 


2a - 5b* 3c = -ISo (IB) 


-2<i + 2* + c = 15 


0 


0 


0 


0 


0 


0 


o 


45 


60 


75. (IB) 


[ 3 ] ^ - 1296 = Oo ( ) 


1^-, ^15^; , ‘>'15^; 

l“l: 

tWS361^. 


6 . 

5PBa#-g, K5: 



[ Notes ] 

[ 1 ] Let the great side, the middle side, and the small side of the land be a, b, and 
c respectively. The equations of the problem are the same as the following group of linear 
equations: 

a + 2b- 4c=\5 
2a - 5* + 3c = -15. (G) 

-2o + 2b + c * 15 
[ 2 ] Namely it becomes 

c 0 0 

0 b 0 

0 0a 
45 60 75. (G) 

[ 3 ] The expression in modem form is the equation: x* - 1296 = 0. (C ) 



6. Two piece of land, one in the form of a rectangle and the other a ring, 

contain The outer circumference, twice the inner circumference. 

4 

and three times the width of the ring exceed six limes the diagonal of the 
rectangle by 6 bu\ twice the outer circumference, the inner circumference, 
and twice the diagonal of the rectangle equal sixty-three times the width of 
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Mm-, 

1 ^: Mm^. ^^fim 

^B: 

H 
II 

nil 

I 

T 

^B: m^n, mn^^AZ. :&nmMmm, 

1#-aA+-a-Traa^^IE$, Ef-EJa-t+A;:^^!: 
m, -^iEPS. ^#Mo X: ZAtz-^^, 

;2:o si'-pga-t+Ai^MJim. - 

X: z^yt~th^, iim^z. n 
-^^lEPS, ^if^z, '^' nmo x-. x.a 
nm^Zo -^mm, mf 


-0, m-zm^, 


m 


^'h 


I’ 


m III 


T 


H T ^■ 


[aiil 

[1] idam. sf^tii&tifij^v5j-5ij*5,, 5,. w'js, + Sj = 13-J-o (») 

[2] ie5ffflw^. 3eg. /,, d, f. isijMgw^Affl 


the ring less 2 bu; twice the outer circumference of the ring, five times its 
width, and the diagonal of the rectangle exceed four times the inner circum¬ 
ference of the ring by 4 bw, twice the inner circumference of the ring, four 
times the width, and the diagonal of the rectangle equal twice the outer cir¬ 
cumference less 6bu. -^ Find the length and the width of the rectangle. 

Ans. Length, 70 bu; width, 24 bu. 

-2 2 2 1 outer circumference 

2-4 12 inner circumference 

4 5 -63 3 width of the ring 

11 2-6 diagonal of the rectangle 

-6 4 -2 6 bu 

Process. By the law for the solution of simultaneous equations with posi¬ 
tive and negative terms, we obtain from the left column the diagonal of the 
rectangle, from the second the width of the ring, from the third the inner 
circumference, and from the fourth the outer circumference. From the 
total area subtract the area of the ring, and the remainder is the area of the 
rectangle. Let the element tian be the width of the rectangle. From the 
statement we have 2822400 for the positive shi, 5476 for the negative up¬ 
per Hart, and 1 for the positive yu, an expression I*' of the fourth degree 
whose root is the required width. Again let the element tian be the length. 
From the statement we have 2822400 for the negative shi, 5476 for the 
positive upper Han, and 1 for the negative yu, an exjHessioh * ’of the four* 
degree whose nxn is the required length. Again let the element tian be the 
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/, + 2/j + 3</-6c=6 
21 , + /, - 63</ + 2c = -2 
21 , - 4/j + 5if + c = 4 


- 21 , + 2/j + 4</ + c = -6 


[3] 


0 


( 35 ) 


0 


0 


0 




0 


0 


0 


0 


74 


10 120 180o(IB) 


[ 4 ] y - 54761^ + 2822400 = Oo () 

[ 5 ] ■. -X* + 547dr^ - 2822400 = Oo ( ) 

[ 6 ] x> - 8836 = o= ( m ) 


j*- 2116 = 0 c (bs) 


2'^&^imit49*>, tt63-f^^^a:>'2#o -st-^ 

I"T: 

iW-lfe70^, f*1241^o 

^.o iS:^>t-?(liW6^^, ^^^'^2822400i^J'$■ 

M. -5476 7^1—I 7^/jg.f^JA.^^-lt, 7fra;A;5r, 


sum of the width and the length. From the statement we have 8836 for the 
negative shi and 1 for the positive yu, a quadratic expression^ ^ ’ whose root 
is the required sum. Again let the element Han be the difference between 
the length and the width. From the statement we have 2116 for the negative 
shi and ! for the positive yu, a quadratic expression ^ ^ whose root is the 
required difference. 

[ Notes ] 

[ l ] Let the area of the land in the form of a rectangle be S,. and the area of the land 
in the form of a ring 5,. Then, S| + Sj=l3-^. (G) 

[ 2 ] Let the outer circumferertcc. the inner circumference, the width of the land in the 
form of a ring be . /j. tf respectively, and the diagonal of the land in the form of a rectangle 
c . Then the equations of the problem are the same as the following group of linear equations: 

{ /, + 2/j + 3</ - 6c = 6 
2/, W,-63d + 2c = -2 
2/, - 4/, + 5d + c = 4 
-2/| + 2/j + 4d + c = -6 

[ 3 ] By the law for the solution of simultaneous equations with positive and nega¬ 
tive terms, it becomes; 


c 

0 

0 

0 

0 

d 

0 

0 

0 

0 


0 

0 

0 

0 


74 

10 

A d 

120 

180. (G) 


[ 4 ] The expression in modem form is the equation: x* - 5476x^ + 2822400 - 0. 
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-2822400-1 

^^fJ-2116^'!fS■^t^, I 4fJiJAe9 6^i-ife|i^ 

Ao ^'^^/i-i-To 


7 . 

[/®A] 

aa^^p-. rtMsga 

m, 5^-'s'a+ 0„ «?n-. 

K0, ^s^'t+T^ci&o -sisKr. aas^s-i^^. rti^aa^ 

fp-, xaa?2ip-. 

WH, f«T: aa. Kftxfsj? 

^fc3: h-^, aaH+2^, 5iiHt-t^o 


"R 

II 

II 

1 


II 

U 

1 

II 


1 

II 

m 

III 


II 

1 

II 

M 


± 

Hill 

m 

=io 



t^H: SP^g, IE$i7^A;to 

aa^fp, mm^Zo n-smt 


[ 5 ] The expression in modem form is the equation: -Jt* + 5476r^ - 2822400 = 0. 


(C) 


[ 6 ] The expression in modem fonn is the equation: - 8836 s 0. (C ) 
[ 7 ] The ex[»ession in modem form is the equation: - 21 16 = 0. (C) 


7. A piece of land is in the form of a right triangle. ITie sum of the hypotenuse 
and the base, twice the sum of the hypotenuse and the leg, and three times the 
difference between the hypotenuse and the base exceed four times the differ¬ 
ence between the hypotenuse and the leg by 260 bu\ twice the sum of the 
hypotenuse and the base, the sum of the hypotenuse and the leg, and three 
times the difference between the hypotenuse and the leg exceed four times 
the difference between the hypotenuse and the base by 76 bu\ three times the 
sum of the hypotenuse and the base, twice the difference between the hypot¬ 
enuse and the base , and the difference between the hypotenuse and the leg 
exceed twice the sum of the hypotenuse and the leg by 55 bu\ twice the hypot¬ 
enuse and the leg, the difference between the hypotenuse and the base, and 
three times the difference between the hypotenuse and the leg exceed three 
times the sum of the hypotenuse and the base by 28 bu. ^' 'Find the hypotenuse, 
the leg, and the base of the right triangle. 

Ans. Base, 12 bw, leg, 35 bu\ hypotenuse, 37 bu. 





0^^^, nn. 

z. -tf^iEm, r:^^z, t'*’ 'im. ^ 

im^Zo -^^iei^. 

EP^o 
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[iin] 


/ /> + 2^ + 3r-4s = 260 
1 2r + j “ 4r + 3 j = 76 
I ip - 2q * 2r * s = 55 
I -ip + 24}*r +is = 2B 

[2jiia:^®7^WiEft?^^tfiR: 5 0 0 0 

0 r 0 0 


0 0^0 

0 0 0 p 

2 25 72 49« (») 


[3] - 144 »0c (Mi) 

[4] ^ - 1225 = 0o (BS) 


[5] 1359 = Oo (bs) 


[4-if 1 

4'^-i3Ji5:59, 

1*1 ^16-^0 2 

^55#o #*- 


-3 3 2 1 

2-2 1 2 
12-4 3 

3 13-4 

28 55 76 260 


sum of the hypotenuse and the base 
sum of the hypotenuse and the leg 
difference between the hypotenuse and the base 
difference between the hypotenuse and the leg 
bu. 


Process. Applying the law for the solution of simultaneous equations with 
positive and negative terms, we obtain from the left column the difference 
between the hypotenuse and the leg, from the second the difference between 
the hypotenuse and the base, from the third the sum of the hypotenuse and 
the leg, and from the fourth the sum of the hypotenuse and the base. ‘ ^ ^ Let 
the element tian be the base. From the statement we have 144 for the nega¬ 
tive shi and 1 for the positive yu, an quadratic expression^ ^ - whose root is the 
required base. Again let the element tian be the leg. From die statement we 
have 1225 for the negative shi and 1 for the positive yu, a quadratic expres¬ 
sion whose root is the required leg. Again let the element tian be the 
hypotenuse. From the statement we have 1369 for the negative shi and 1 for 
the positive yu, a quadratic expression whose root is the required 
hypotenuse. 


(Notes ] 

[ I 3 Let the sum of the hypotenuse and the base be p, the sum of the hypotenuse and 


the leg q , the difference between the hypotenuse and the base r, and the difference be¬ 


tween the hypotenuse and the leg s. Then the equations of the problem are the same as the 

following group of linear equations; 

/ p + 2q-f3r-4s = 260 


2p + q - 4r + 3s s= 76 


(G) 


3p - 2q + 2r + s = 55 
-ip + 2q + r + 35 = 28 



7C 

£ 

# 
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^28#o 1^: 

i?12t^, ^35-^, ^31-fo 

yX-kp^.ifik^^mom'\-\225ih1^^^, 


8 . 

[jsa:] 

tLm. TO. TO^-Wo H5: TISITO^L:^)':^:-. j)-.® 

^^itmii^ZA, ^r.K. 

m$mii^z-, xirmMii^z-. x.m^.m.m6^z-, j^ttoir 

^^zm, x^STOEg^;^-, x^mmA^^Zr., to 

a-R. XTOmiC^i';^-, 3: 
:J^OT;fL^i-:^pg. ^J£- 

Ro"’^^®e^STOffi-R. iP^TOffi-R. $P™®H:5i-:t 
“ot^i |S]: 0^#;Lm 

^0: ^®gAR, ^^SESR, 

¥-:^rffi5:R, ^ni^rffiHRo 


li 

|=<9 

llo 

Hill 

¥ 

91 

ml 

lllii 

lllii 

|o 

+ 

91 

m 

III! 

IeM 

111 

¥ 

llo 

UNO 

Hilo 

11115? 

2; 

* 

1<S 

lllio 

11115^ 

lo 



[ 2 ] By the law for the solution of simultaneous equations with positive and nega¬ 
tive terms, it becomes; s 0 0 0 

0 r 0 0 

0 0^0 
0 0 0 p 

2 25 72 49. (G) 

[ 3 ] The expression in modem form is the equation; - 144 = 0. (C) 

[ 4 ] The expression in modem form is the equatim: - 1225 % 0. (C ) 

[ 5 ] The expression in modem form is the equation; - 1369 b 0. ( C ) 

8. There are a circle, a sphere, a square, and a cube. If from the sum of one- 

ninth of the area of the circle, two-ninths of the volume of the sphere, and 
three-ftfths of the area of the square we subtract eight-ninth.s of the volume of 
the cube, then we have 2 chi for the remainder. The sum of one-ninth of the 
area of the circle, two-ninths of the volume of the cube, and one-fourth of the 
volume of the sphere exceeds four-fifths of the area of the square by 2 chi\ the 
sum of one-fourth of the volume of the sphere, two-ninths of the volume of 
the cube, and one-fifth of the area of the square exceeds two thirds of the area 
of the circle by 2 chi\ the sum of one-fifth of the area of the square, four- 
ninths of the volume of the cube, and one-third of the area of the circle is less 
than seven-ninths of the volume of the sphere by 2 chi. ^^ The diameter of 
the sphere is less by 1 chi than a side of die square but exceeds by 1 chi a side 
of the cube and equals two-thirds of the diameter of the circle. Find die 
four matters. 
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Ans. Diameter of the circle, 6 chi; 
diameter of the si^re, 4 chi; 





iE^^AZo ik 

nn^irm, * 

inn^z. 

^ki^m, +mpii, ^A^z^^^nwiio X: 

^xm'i^, mmmZo t#HWA-f-A^^*. --+A^iA^. 

m^ xifj^z,^^^ mzmno x-. st^Tu-^^Am, 

nm^Zo n^-^%-Ek!^m, h+h^m:^, -kAih^m, 
xA^z,'^^ ^#YMo X: Xi^Tt-^XL^m, im^ 
Zo 1 #H'g‘ 0 +Aj^SI$, -+:fu^^i;.: 6 -, —E^iAPS, 
X.:^Jf-Z,^'^ ^X-AMo 


[fin] 

[i]ie^iai«?. XTO, w#i. 5 ,. s,. s,, pussw* 


* 'y ^2 '*’ “J ^) '*’ *5 *^4 ” ^ 
•^ 5 , + 7 ” y Y ^4 ® “2 

-yi, 5j + y 5} +y *^4 = 2 
TS,--JSj+jS,+|-5, = ~2 




i ss, + 10 s, + 275, - 405, = 90 

205, + 455, - 1445, + 405, = -360 ^ ^ j 

-1205, + 455, + 365, + 405, * 360 
155, - 355, + 95, + 205, * - 90 

[2] ie¥®s. xiaig, T:6-a, rf,.«,. a^itsf\-. 

a^-d^ = 1, d^-a,:= 1. d, =|-rf,o (I?) 

[3]ifct5tffl<A#»7^>M'^^^. ^iis^j-:^^, nmx, Vc^x 


side of the square, 5 chi\ 
side of the cube, 3 chi. 


15 

-110 

20 

5 

circle 

-35 

45 

45 

10 

sphere 

9 

36 

-144 

27 

square 

20 

40 

40 

-40 

cube 

-90 

360 

-360 

90 

total 


Process. Applying the he fen method and the law for the solution of simul¬ 
taneous equations with positive and negative terms, we obtain from the left 
column the volume of the cube, from the second the area of the square, 
from the third the volume of the sphere, and from the fourth the area of the 
circle. ‘ ^ Adding we have the gong ji. Let the element tian be the diam¬ 
eter of the circle. From the statement we have 2484 for the negative shi, 72 
for the positive fang, 3 for the negative lion, and 10 for the positive yu, a 
cubic expression^* ^ whose root is the diameter of the circle. Again let the 
element tian be the diameter of the sphere. From the statement we have 368 
for the negative shi, 16 for the positive fang, 1 for the negative litm, and 5 
for the positive yu, a cubic expression ^ ® - whose root is the diameter of the 
sphere. Again let the element tian be a side of the square. From the state¬ 
ment we have 390 for the negative shi, 33 for the positive/ong, 16 for the 
negative lian, and 5 for the positive yu, a cubic expressiorf * ^ whose root is 
a side of the square. Again let the element tian be a side of the cube. From 
the statement we have 348 for the negative shi, 29 for the positive/ong, 14 
forthepositive/ion, and 5 for the positive yu, a cubic expression^’^ whose 


root is a side of the cube. 
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5^ 0 0 0 

0 5 , 0 0 

0 0 S, 0 

0 0 0 S, 

27 25 36 27o (IB) 

[4] IQr’ - 3^ + 72 t - 2484 = Oo ( g9^) 

[ 5 ] 5x5 - ^ + 16* - 368 = 0, ( BS ) 

[6] : Sx' - 16t" + 33* - 390 = Oo ( BS ) 

[ 7 ] ?F:«rit:WSeftmxC^^: Sx^ + Mx^ + 29* - 348 = Oo ( B5^) 

S.^2/L; 

X.; 

S.^2K; #^*>.^1-, BIA^R 

^j, ^X.2X.„ 

IK. 1=1; 81^.44. iitiia. i 

iS]J:t46X., AM.ii4K, 

iL;§-(4 

i5:X.>t-i^;[llAa. yJL-h^.7ni:^^mo IffJ 

ffS'jaiAao X: i!tK:fL—^}^^B, vU.-k’M^ 
^|■^'J- 368?«l'$'*^. 

4t, ^^4'J^j^.A-^4o -3L: i5:X.7C-3&jL 

-ffi'i-390;){;'A«:^. 33^f7-3t^^ 

■Ifeo X.; ^^^*»=^R^^i^*)^fo ^^fJ-348 

29?(;-;fc-^#-*, l4ifi-<fc^#-^t, 5A^fc, 


[ Notes ] 

[ 1 ] Let the area of the circle be 5^, the volume of the sphere the area of the 
square Sy and the volume of the cube S^. Then the equations of the problem are the same as 
the following group of linear equations: 

i *^ 5, + 5^ — 5^ = 2 

-y 5, + ^2 ^ 7* '^3 *** 7 *^4 “ 

—j S, S 2 * ^ *^4 " ^ 

|s, -■Js.t|s,t^S. = -2 

By the he fen method we have 

5S| + lOSj + 275, - 405, = 90 

205, + 455, - 1445, + 40S, = -360 ^ ^ ^ 

-1205, + 455, + 365, + 405, = 360 

155, - 355, + 95, + 205, = - 90 

[ 2 ] Let the diametef of the circle be d,, the diameter of the sphere </,. the side of the 
square a,, and the side of the cube o,. From the sutement wehavea, - d, = 1. d, - a, = 
l.d, d,.(G) 

[ 3 ] Firstly, use the he fen method in The Nine Chapters cf Mathematical Proce¬ 
dures to get the common denominator. Secondly, by cancellation, it becomes; 

5, 0 0 0 

0 5, 0 0 

0 0 5, 0 

0 0 0 5, 

27 25 36 27 . (G) 

[ 4 ] The expression in modem form is the equation: IQx^ - + 12x - 2484 = 

0. (C) 

[ 5 ] The expression in modem form is the equatiem: - x’ + 16* - 368 = 0. 

(C) 

[ 6 ] The expression in modem form is the equation: 5*^ - 16** + 33*: - 390 * 0. 

(C) 

[ 7 ] The expression in modem form is the equation; 51* + 14** + 29* - 348 = 0. 
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1 . 

^H: -^0 

TjtHi 5P^^;io W-^-?L5>AM^iE3E. —t 

[fim] 

[i]®t'iT = 3, «®i?, i, v. c. m 

itill + y, 3r = /o ( W ) 

V 

[ 2 ] - IQ* + 1.96 = Oo { ) 


[4-iiJ 

S: 2^0 

^Jf^c 



Za Fan Lei Hui ( Miscellaneous 

Problems ) 

13 Problems 

1. From the top of a sphere of sandal wood 10 cun in diameter a spherical 
segment is cut whose circumference is 8 cun 4 fen!^ * ^Rnd the thickness of the 
segment. 

Ans. 2 fen. 

Process. Let the element iian be the thickness of the spherical segment. 
From the statement we have I cun 9 fen 6 // for the positive shi, 10 cun for 
the negative/ang. and 1 cun for the positive yu, a quadratic expression 
whose root is the required thickness.. 

[ Notes ] 

[ 1 ] Make ir » 3. and let the diameter of the sphere be d, the circumference of the 
segment /, the thickness of the segment v. and the diameter of the segment c. The thickness 
is the shi of the arc of the segment, and the diameter of the segment is the chord. Then from 
the gou gu ju yuan cai method in 77ie Nine Chapters of Mathematical Procedures, we have 

( _L - )2 

—2—— + V = d, 3c = /. ( G ) 

[ 2 3 The expression in modem form is the equation: jc* - lOx + 1.96 = 0. ( C ) 
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2 . 

Ke: #jfsmeiA+s5;o x 
-+AX . tmmumo^ ■ ’n = xisj? 

^B: ^MH+AIK, m^OHWE+0X» 

AH: xATu-AJtsffr. - 

m^^ir, -^iEPS. 

[i±8l 

[ 1 85. SflilZ^x 

JT X X 

85 + 126 = 9x0 ( W ) 

[ 2 ] x^ - 14x - 120360 = Oo ( ) 

[^m] 

I2ir744i^5?iao XA: 85 Xo 

'r^A*r9#l®o l“T: 

-&-?(; ^ >'? 

*l^>e36#L. #it-ffr354Xo 

A: iS-AA—^fS'j-lZOSOO^&AM, 

PftBo 

3. 

[JIX] 

Affi-A-WMo K5: 


2. A man bought a number of bottles of wine for 12744 cash. The duty on 
each bottle was 85 cash and the commission 126 cash. The man had no more 
money with which to pay so the custom-house took 9 bottles of his wine, the 
cost of which was equivalent to the amount of the charges.^' ^ Find the number 
of bottles of wine and the price per bottle. 

Ans, Bottles of wine, 36; 

price per bottle. 354 cash. 

Process. Let the element tian be the price per bottle. From the statement we 
have 120360 for the negative shi, 14 for the negative fang, and 1 for the 
positive yu, a quadratic expression^^^ whose root is the required price. 





o 




(Notes ] 

[ I ] Let x be the price per boctle«then the number o( bottles of wine ^and 

the money for the duty is x 85.Then, x 85 + \26 s 9x. (G ) 

C 2 ] The expression in modem form is the equation: - Hx - 120360 « 0. (C ) 


am- 
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3.A merchant owned a certain number of pearls which cost him 1200 taels of 
silver. The duty on each pearl was 4 quin. Since he had no money left he took 
7 pearls with which to pay the duty and received 8 taels 2-^^ian in change.' ‘ ^ 
Find how many pearls he owned and the value of each pearl. 


-Am 
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^H: ^^-W=+5:^, mi^tAnA^A^:tAo 
A+E^#^r, ^L^J^SI. 

». lim^z. a+h 

AIEI^, i^Z^m^Zo 

[}^m] 

[ 1 ]ie*^js«. nmift^ ^ . mm^ ^ x 7 - smi-J sitti^x 

X X ^ X 

7 - 8R2|-«fe= 4 j(. (») 

[2] -9^^ - 185^ + 189000 = Oc ( ) 

[ 3 ] 63jr= - 74CU - 432000 = 0= ( } 

[4ii] 

x!!A-^S./^8^2-|Wo i»i: 

189000^ 

-432000?!;-I'M, -740 63 





Ans. Number of pearls, 135; 


o 

value of each pearl, 8 taels 8-^qian. 

Process. Let the element tian be the number of pearls. From the statement 
we have 189000 for the positive shi, 185 for the negative/izng, and 9 fw the 
negative yu, a quadratic expression^^^ whose root is the number of pearls. 

Again let the element tian be the value of each pearl. From the state¬ 
ment we have 432000 for the negative shi, 740 for the negative/ang, and 
63 for the positive yu, a quadratic expressionf ’ ^ whose root is the required 
value. Solving the expression by the zhi fen method, since the root is not 
integral. 

[ Notes ] 

[ l ] Letxbcthenumberofpearis.andthevalueofeachpearl-^^^.then the money 

for the duty is -122& x 7 - 8 taels 2-^ ^/a/?.Thcrcfore,-^^^ x 7 - 8 taels 2-y qian * 

X 7 X 7 

4x. (G) 

[ 2 ] The expression in modem form is the equation: -9^ - 185x+l 89000 - 0.( C ) 
[ 3 ] The expression in modem form is the equation: 63;r^ - 740^: - 432000 = 0. 



« C 
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(C) 


4. 

Re: joa 

^t^#£MAWA.+:3;. x?f:fr!lS5aH-'W-+E:5i-0:3:-+Ho 
^^=+X. %0|^„t'i(5]: fiJSHISt, WRfJAM? 

^B: «MAW_-hSX, 

:i+^R^-+s:0. fjiigm-’S“+EXo 
i^B: 3t^7U— WH^ziWH+A^A^—WE 
t^IE^, -E-EHW'tEAi^ME, -^^iEPS. 

A^o wr^jo 

[ii»] 

[llidAS, #1^. BSR^I'S'I^^.I. P, r, jltKP: <i+p = ‘>850./E+‘J = 5690, 

/E=t^''=(»> 

[ 2 ] - 11379^ + 32366250 = 0. ( Rf.) 

4-EA)^^. 850X„ XA: ** 

^^?-5ir690Ao ^#-30i. 

^a^^is]= H: A«., «4'i^#']-S-^?;>'? 

5 ir 625 A, ■§:1r6^^^'l36’^A, 
g^t;^I20'^^^:25 9. f']4!i4ir225 A. 

A: iS:AA-i*rA4S.. 32366250 

-11379^—1 


4. A man in order to receive certain things from a pawn-shop has to pay for 
money received together with interest 9850 cash. The money received and 
the square root of the interest amount to 5690 cash. The square root of the 

interest is of the time in days [ 30 days in a month 1 ^ ‘ ^ Find the amount 

1 

received, and the interest, the time, and the monthly rate of interest per thou¬ 
sand cash. 

Ans. Amount received, 5625 cash; 

monthly rate of interest. 36:^ cash per thousand; 
time, 20 months 25 days; 
interest, 4225 cash. 

Process. Let the element tian be the money received. From the statement 
we have 32366250 for the positive shi, 11379 for the negative/ong, and 1 
for the positive yu. a quadratic expression whose root is the required 
amount. The other values can be obtained from this value. 

[ Notes} 

[ 1 ] Let the principal be a, the interest p. and the lime in days r. From the statement 
we haven +p = 9850,^^+ a = 5690,y^=-j^r. (O) 

[ 21 The expression in modem form is the equatitm: x* - ! 1379x + 32366250 = 0. 
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(C) 


5. 

[ilS:] 

T^S^-®A&A+:SC; #tp. VJ.Z.^,Z, M^#-^^S:l^; J 
-tWA-t-jt.'” M: 

^H: ^pgm-tHS:; z.r.WK^r.-tX; 
mAWEg+5:! T-WA+jt; 

i[R-:S:o 

^0: z^7u-:f3—^zm, -AA 

=P't;WH+A^^iSA. =+-i^MPS. ¥iT3fZ, ^#AWBgA:S:, 

[ as ] 

[ I ] iCiLA^fASi^ftl^^a. frt C, d, e, jItBP: o + 6 + c + </+e = 8612, 
b =4-a. - c = 1880, * e. c - </ = 790o (w) 

J D 

[2]‘'—»Z^'' BP^0f^§M^o 21,t^ - 19739,i - 940 

= o.(m) 

4-#a8ir6i2i:. X*: 1 

■f 880i:; T^b^:>-790iio 

1-1: JLA^^i']^!>'? 

4f 700il, C-2 820 :t, 

^^4?940i:. 15031. 2 3l„ 

A: 4fJ']-940i'7'rM, 

-19739 5*1 —^*^#-44:, 21 ^Ifc, -JfS'J 940:3:, 5*; 

-^41^0 #'^i‘/ri“1o 


5. Among five persons 8612 cash were divided. Yi received three-fifths as much 
as Jia; Bing received 1880 cash less than Yi; The sum of Jia’s and Bing’s 
shares divided by Yi ’ s equals Wu ’ s; Ding ’ s share is less than Bing ’ s by 790 
cash.^ ‘ ^ Find the amount of money each person received. 

Ans. Jia, 4700 cash; 

Yi, 2820 cash; 

Bing, 940 cash; 

Ding, ISO cash; 

Wu, 2 cash. 

Process. Let the element tian be the common ratio. From the statement we 
have 940 for the negative shi, 19739 for the negative fang, and 21 for the 
positive yu, a quadratic expression whose root, 940, is the required 
number. 

[ Notes ] 

[ 1 ]Let the amount of money each person received be a. b, c, d, and e respectively. 

From the statement we have a*-b + c + d*es 8612, b * -ia, b - c = 1880,= 

5 b 

e.c - d = 790. (G ) 

[2] The common ratio is one-fifth of Jia received. The expression in modem form 
is the equation; 21.r^ - 19739.* - 940 = 0. (C ) 



-H# 
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6 . 

[jsa:] 

^5-KA-to '0i^nz, 5feffl^«o ’f6]: 

)k^, J:^, ap^o 

[iSHl 

[ 1 ] «. m ) 

[ 2 ] : 2x - 7.29 = 0. ( ) 

14-it] 

2Ao B: 

:g-i 3A6^-i*o 

-f?S>]-7.293(;HS-&«, 23*; 


7. 

[J^*] 

ESAA'ifs]: 

^B: ARAi--'S‘'t+H^t:trao 

-S-IS]. 


6. A wooden sphere.! chi 8 cun in diameter, which is to be lacquered is first 

covered with a layer of cloth 2 chi wide. ^ ‘ ^ Find the length of the cloth. 

9 

Ans. 3 chi 6^ cun. 


Process. Let the element tian be the length of the cloth. From the statement 
we have 7 chi 2 cun 9 fen for the negative shi and 2 chi for the positive 
fang, a linear expression whose root, obtained by division, is the re¬ 
quired length. 


[ Notes ] 


[ I ] The character zftan appeares in Chinese text. Its original meaning is a cushion 


used as a foil to a saddle. (C ) 


[ 2 ] The expression in modem form is the equation: 2x -1 ^ = 0 . (C) 


7. A side of a cube is 5 chi. ^ ‘ ^ Find the diagonal frmn the upper southeast 
comer to the lower northwest comer. 

A 

Ans. 8 chi cun. 

Process. Let the element turn be die lengdi of the diagonal. From the state¬ 
ment we have 74 for the negative shi and 1 for the positive yu, a quadratic 
expression^^^ whose root, a mixed number, is the required lengd). 
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[1] = /. W\ l =J(/2a y + a^ = 

JrTy .in) 

[ 2 ] - 74 = 0. ( RK ) 

[^^] 

ik^5K. I"T: ^‘Jr-? 

m'\~74Mjt4t^, 1^ 

8. 

[^5C] 

gHKo Kziie^H-fo^'JN: tgil^JLfej? 

^0: -RAi-o 

;^S: mn7^Z:to -j^jIE 


i^m] 

[ 1 ] ieiaiwg. mm. mn^^m%d,v,c, * <A#it^> 

(4c)* 

+ v^d. ^sjjesgja. TSj^sg^. i^^itto in) 

[ 2 ] - 324 = Oo ( bs ) 


14-if 1 

S: 1A8+. 



[ Notes ] 

[ 1 ] Make /2 , and lei the side and the diagonal of the cube be a and / 

respectively. Then, / * /(^ = •jl^ + 5^ . (G ) 

[ 2 ] The expression in modem form is the equation; x* - 74 = 0. (C ) 


8. A cross-section 3 cun deep is cut into a round piece of timber 3 chi in 
diameter. ^^ Find the arc made by the saw. 

Ans. I chi 8 cun. 

Process. Let the element tian be the arc cut by the saw. From the statement 
we have 324 for the negative shi and 1 for the positive yu, a quadratic 
expressionwhose root is the required arc. 


[ Notes ] 

[ I ] Let the diameter of the timber be (he depth of the cut v, and the arc made by 

the saw c. From the method of the gou gu ju yuan cai method in The Nine Chapters of 

( —c 

Mathematical Procedures, we have -1 _+ v = d. This problem is to find the arc made 


by the saw .The next problem is to find the depth of the cul.'Ihe two problems arc based on 


it. (G) 

[ 2 ] The expression in modem form is the equation: jd - 324 = 0. (C) 


9. 

[JlJtl 

?KFI: 5:X-7L-:^lgm. nA+ inlEm. 

-^^iEPS, 


l)±»] 

[ 1 ] - aa* + 8i« o^ ( i» ) 


A^£:j^;3Ao 1 A8i-o H: ? !>'? 

3-t„ 

ia-iP^R^vi:4S-A)»fo ^J'j81:J(7'frM, -30^ 

10 . 

[JSA J 

s+AHo mmuam±m, ^y^mn. 

sira+HKot” f^: 

§0: ^mA+mn, 

Mn=.-tmH, ifeji-+-Ko 

^0: AX7c-^^0cM, 1mU^:t. m--S-±A>-jJEm, A-1- 

A^uiT, -^aiw, mikmm, ^mo 


9. A cross-section is cut into a round piece of timber 3 chi in diameter. The arc 
of the section is 1 chi 8 cun. How deep is the cut? 

Ans. 3 cun. 

Process. Let the element tian be the depth of the cut. From the statement 
we have 81 for the positive shi, 30 for the negative/ang, and 1 for the 
positive yu, a quadratic expression^' ^ whose root is the required depth. 

[ Notes ] 

[ 1 3 The expression in modem form is the equation; x’ - 30tr + 81 * 0. (C) 


10. Three flocks of geese are flying in the sky and another flock is on the 
ground. The total number of geese is 301. The number of geese in the first and 
second flocks is 256; the quotient of those in the first flock by those in the 
second increased by the flock on the ground is equal to the last flock in the 
sky; the flock on the ground is less than the second flock in the sky by 43. ■ ‘ ^ 
Find the number of geese in each flock. 

Ans. First flock, 192; 
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second flock. 64; 
third flock, 24; 
flock on the ground, 21. 







# 
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[ 1 ] b. c, d, ittBP: « + A + c + </=301. 

a + b- 256,4+ d = c, - J = 43, (I?) 

b 

[2] x* - 66* +128 = o, (isfo 

[4iil 

;^256X; 

f-l: 

it5^l92X, ;*.:^64K, 

;^i^24X, *k.-L21 ^*>0 

yA-koM:^>k^^mo 4?-S'J I28i';t^^, -66 

11 . 

I SSI 

#U{Rr? 

^B: 

^B: mm.^Zo i#H+H:^EgTA'a‘::^iE^. h:jt 

raw-fcmps. if^o -^f^o 


[ai^] 

5 = i [(c + v) V +^] =413, Xc - V s 50, (S?) 

[ 2 ] ff : 407jr2 - 3000CU + 334800 = 0, ( BS ) 


Process. Let the element tian be the number of geese in the second flock. 
From the statement we have 128 for the positive shi, 66 for the negative 
fang,and 1 for the positive a quadratic expression^^^whoserootis the 
number of geese in the second flock. 

[ Notes ] 

[ 1 ] Let the Hrst flock of geese be a, the second flock b, the last flock c, and the 
flock on the ground From the statement we have a*b-¥C*d = 301, a + b = 256, 
+ rf = c.b - d = 43. (G) 

0 

[ 2 ] The expression in modem fomt is (he equation: jr^ - 66it 4 128 = 0. (C) 


11. A piece of land in the form of a segment of a circle contains 1 173 bu. Its 

shi is less than its chord by 50 6m. *' ^ Find the shi and the chord using Hui ’ s 
value ( of tr ). 

Ans. Chord, 60 bu-, shi, 10 bu. 

Process. Let the element tian be the chord. From the statement we have 
334800 for the positive shi, 30000 for the negative fang, and 407 for the 
positiveyM, a quadratic expressions*^ whose root is the required chord. 

[ Notes ] 

[ 1 ] Let the shi and the chord of the land be v and c respectively. According to what 

Luo Shilin said, the area of the land using Hui ’ s value (of ir ) is as follows; 

5 = -:r[(c + v)v + ] =413. And, c - v = 50. ( G) 

2 200 


14 -iil 

1 ^ 173^0 r.^^ttm'yso^o i^: 

^601^. ^I0#o 

ia::^>L-7fj^. ^a■4«:^R:5■^i■^J^■^»fo ^S'] 334800 
-30000:5&-;jt^#-«:, 407?(?j?lS;i:^#-«t. 

»ri"1o 

12 . 

I®*] 

^H; S-^-A^to 

SWA l-Aj^ 

-+AmT 0 . -^^iEPS. 

f#^'t^o Wf5]o 

laiS] 

S=-j[(c + v)v+^] = I36-|- o X v^ “ c = 21; (IP ) 

[2] X- + 28^ - 14j= - 588x - 7203 » Oo ( PS) 

i^m] 

21 #0 f“T: 

^7^, 

;tC: ^S'J-7203i^'$-M. -588 

-14 5*7—28 5*7.= 15?7]®t*^^ 

5fw;X:t, «.'^f^75^o #-#-»rPlo 


[ 2 ] The expression in modem form is the equation: 407 j:^ - 3000CU: + 334800 = 0. 


(C) 



12. A piece of land in the form of a segment of a circle contains I36^bu. The 
square of the shi exceeds the chord by 21 bu .^' ^ Find the chord and the shi 
using the mi value ( of ir ). 

Ans. Shi, 7 bu-, chord. 28 bu. 

Process. Let the element tian be the length of the shi. From the statement 
we have 7203 for the negative shi, 588 for the negative/ang, 14 for the 
negative upper lian, 28 for the positive lower lian, and 1 for the positive 
yu, an expression ^ ^ * of the fourth degree whose root, 7 bu, is the length 
of the shi. 
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[ Notes ] 

[ 1 ] According to what Luo Shilin said, the area of the land using the mi value 
( of -ir ) is as follows: S =y [(c + v) v +■^1 - And. - c * 21. (G ) 

[ 2 ] The expression in modem form is the equation; x* + 28*^ - 14x^ - 588* - 


7203 = 0. ( C ) 
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13. 

[SAl 

^Q: ^IlI^^“+K;^, ^^m=:\-AK, ^yrm-i-ARo 

^R: im^Zo 1t-"P-WA+E7JHi^A+ 

Awn+A^MPS, 

mm] 

LniBiM. 3!;[g)^^, ^fil^m'llf-ia,, d. a,. jltEP: a\+^d^ + a\ = 
29984; #aj = -|a,. o^ = I" ( W ) 

[2] 929:^ + 192«= - 12953088 = Oo () 

I4-i¥] 

iE.;9^^^;^-»r, *^S29984A. X*: 

:S^: 3:^Aa24A. S^:^%'A^2^A, 16 A. 

;iC: i5:AA-^it#.Aa, -fff]-12953088^-fr41 

192?(7—^fc^#.4^:. 929?{?|LAJfc^if-4t, AA:^, 
ao 


13. We have a cube, a sphere, and a square. The volumes of the first two and 
the area of the last equal 29984 chi. The diameter of the sphere is six-sevenths 
of a side of the cube; a side of the square is two-thirds of the diameter of the 
sphere. •'' Find the three matters [ the diameter of the sphere, a side of the 
cube, and a side of the square ]. 

Ans. Diameter of the sphere, 24 chi; 
side of the cube, 28 chi; 
side of the square, 16 chi. 

Process. Let the element tian be the diameter of the sphere. From the state¬ 
ment we have 12953088 for the negative shi, 192 for the positive lion, and 
929 for the positive >>«, a cubic expression whose root is the required 
diameter. 

[ Notes ] 

[ 1 ] Let the side of the cube be u,, the diameter of the sphere d, and the side of the 

ft 6 2 

square u,. From the statement we haveaj + <#’ + a^=! 29984; and. d =-y fl, , Oj = -jd. 

(G) 

[ 2 ] The expression in modem form is the equation: 929 j^ + \92x‘ - 12953088 = 0. 
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1 . 

[Ji*] 

^H: ~+A^^„ 

?^H: ifeK^^:i= ^#H=PA 

H+K^^i^TH, 

-^MPS, ^r«lo 

[asi 

[l]lftiP: \ab = 2Q, a*b=\l^(%) 

[2l -x" + 34x^ - 71x» - 3706x - 3600 = 0» (|SS ) 

[4-it] 

dQ^^3'r30#o 171^0 i-l: 

ISlf-o 

-JffJ-3600 3';'3|f*^, -3706 - 1 \ 34 


2 . 

[i®*] 

4-^^K^H+^o iBi: fmnjini 


Liang Yi He Zbe ( Expressions in 
Two Unknown Elements ) 

12 Problems 

l. The product of the gou and the gu is 30 bu, and their sum 17 bu . ^^ Find 
the sum of the gou and the xian. 

Ans. 18 bu. 

Process. Let the element tian be the sum of the gou and the xian, and the 

/ 

element di the gou. Using these elements we obtain 3600 for the negative 
shi, 3706 for the negative fang, 71 for the negative upper Han, 34 for the 
positive lower lian, and 1 for the negative yu, an expression^ ^ ^ of the fourth 
degree whose root is the required sum. 

I Notes ] 

[ 1 ] That is. ab s 30.0 + fr = 17. (G ) 

[ 2 ] The expression in modem fonn is the equation: -x* + 34x’ - 7 lx’ - 3706x - 
3600 = 0. ( C ) 



r 1 
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2.The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
sum of the gu and the xian. 

Ans. 25 bu. 



W^iE^, H"P'tWAm:^r, 't+-m±m, 

-j^iEPi. -^1^0 
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mm] 

[ 1 ] ^ - 34x» + 71^ + 3706^ + 3600 = 0„ () 

[4^#] 

301^0 l"T: 

:S^: 251^0 

4i-: iSi^^—^J&?t^y 

^^■i']3600^t4t^, 3706 ^*;-;^;^#-*:, 71 -34^^ 


3. 

IJ^S] 

^B: H+^o 

7^0; m7t-1f3^, ^#-W- 

E^IE^, =-\-m^^l3, -*iEPS, 


mm] 

[ 1 ] - 34x + 120 = 0. ( BS) 


Process. Let the element tian be the sum of the gu and the xian, and the 
element di the gu. Using these elements we obtain 3600 for the positive 
shi, 3706 for the positive/nng, 71 for the positive upper Han, 34 for the 
negative lower Han, and 1 for the positive yu, an expression- ‘ ^ of the fourth 
degree whose root is the required sum. 

[ Notes 1 

[ 1 ] The expression in modem form is the equation: x* - 34 j:^ + 71x* + 3706x + 
3600 = 0. (C ) 


3. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
sum of the xian and the he. 

Ans. 30 bu. 

Process. Let the element tian be the sum of the xian and the he, and the 
element di the gou. Using these elements we obtain 120 for the positive 
shi, 34 for the negative fang, and 1 for the positive yu, a quadratic expres¬ 
sion^ ' ^ whose root is the required sum. 

[ Notes I 

[ 1 ] The expression in modem form is the equation: x* - 34x + 120 = 0. (C ) 






{4*«1 

-K*i 3 te^l 7 #o r- 1 : 

^•y? 

30-^0 

»5L^>t—it>t—;5&ij, A>L-^>ife.^4aSe,'^»iA 


4. 

[/sa:] 

(BJ: 3£SEfi);iM? 

^H: z:+i^o 

7 ^ 0 : ^^7t-ifi}^^m, n~:^m 

raHH+Am±*. 

(5Jo 

[aw] 

[ 1 ] -x« + 436** - 14400 = 0. ( » ) 


I4if 1 

?:>'? 

^$']~l4400^titm, 436^(1—It, -It';** 
;!fc^^.|t. 45-^^/rRo 



4. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
sum of the xian and the jiao. 

Ans. 20 bu. 

Process. Let the element tian be the sum of the xian and the jiao, and the 
element di the jiao. Using these elements we obtain 14400 for the negative 
shi, 436 for the positive upper lian, and 1 for the negative yu, an expres¬ 
sion ’’ I of the fourth degree whose root is the required sum. 

[ Notes ] 

[ 1) The expression in modem form is the equaticm: -X' + 436it^ - 14400 = 0. (C ) 
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5. 

[/§*! 

^B: 

7 ^ 0 : '^mzA 

-^IF.PS, W?F:^of” 

[a^] 

[ 1 ] jH - 49 = o„ (lit) 

[<^i¥] 

71^0 


6 . 

t^S:] 

Ks^0Sfa-+-t^o f5]: 

^H: A^o 

7^0: ^'4*J?5i:fei!. MtU—WHT'A 

't+—^M±0. n4-Eg^^^T0. 


lii#] 

[ 1 ] -;t' - 34^ - 71x* + 37061 - 3600 = Oo (1^) 


5. The product of the gou and the gu is 30 bu^ and their sum 17 hu. Find the 
difference between the gu and the 
Ans. 7 bu. 

Process. Let the element tian be the difference between the gu and the gou, 
and the element di the gou. Using these elements we obtain 49 for the nega¬ 
tive shi and 1 for the positive yu, a quadratic expression *'' whose root is 
the required difference. 

[ Notes 1 

% 

[ 1 ] The expression in modem form is the equation; x* - 49 = 0. ( C ) 


6. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
difference between the xian and the gou. 

Ans. 8 bu. 

Process. Let the element tian be the difference between the xian and the 
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gou, and the element di the gou. Using these elements we obtain 3600 for 
the negative shi, 3706 for the positive/ang, 71 for the negative upper lian, 
34 for the negative lower lian, and 1 for the negative yu, an expression ^ 
of the fourth degree whose root is the required difference. 


-Am 


8#c 

^fSlj-3600i^I■^■*^, 3706Mj-!t^J^it, -71 i'? —-34 



dOd 


7. 

[JS*] 

^H: -^0 

?|iH: IfeTU-^K, ^#HTA 

a'j^iH^, H^'fcW7^::^M7i, 4:+-^^*, 

-^iEPS, Hm.^rjr-;^ot'> ^1^0 


Ijifll 


[ 1 ] X* + 34x^ + llx^ - 370(u + 3600 = 0» (SR) 


(4-ii] 

4't^IISin^, £iM^30^o r.*^3K^171^o H: ?:>'? 

1 #o 

m'l 3600 Ml -3706 Mlit, 7lMl^<tm^it. 34 Ml 



[ Notes ] 

[ 1 ] The expression in modem form is the equation; -x* - 34j:^ - 7 + 3706x - 

3600 = 0. (C) 


7. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
difference between the xian and the gu. 

Ans. 1 bu. 

Process. Let the element tian be the difference between the xian and the gu, 
and the element di the gu. Using these elements we obtain 3600 for the 
positive shi, 3706 for the negative fang, 71 for the positive upper lian, 34 
for the positive lower lian, and I for the positive yu, an expression ^^ of 
the fourth degree whose root is the required difference. 

[ Notes ] 

[ 1 ] The expression in modem form is the equation: x* + Sdx* + 7lx^ - 3706x + 


3600 = 0. (C) 


-Am 
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8 . 

^0: mi^o 

^B: 5:^75-ifeju-^^. mm-^^Zo w-w- 
+*iE3e. -mps, ^:i?JF;iot'^ 

[as] 

[ 1 ] x‘-34x* 120 = 0= ( B?.) 

4^. 

mU20^t4t^, 1 


9. 

[SS:] 

^g:a: A^o 

AB: a. m~7fm 

"FmAiE3^. raw^+A^^M±m. -mi^. 

1^0 


8. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
difference between the he and the xian. 

Ans. 4 bu. 

Process. Let the element lian be the difference between the he and the xian, 
and the element di the gou. Using these elements we obtain 120 for the 
positive shi, 34 for the negative fang, and I for the positive yu, a quadratic 
expression^' ^ whose root is the required difference. 

[ Notes 1 

[ I ] The expression in modem form is the equation: x’ - 34x + 120 = 0. (C) 
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9. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
difference between the xian and the jiao. 

Ans. 6 bu. 

Process. Let the element tian be the difference between the xian and the 
Jiao, and the element di the Jiao. Using these elements we obtain 14400 for 
the positive shi, 436 for the negative upper lian, and 1 for the positive yu, 
an expression^ ’ ^ of the fourth degree whose root is the required difference. 


* 




[ 1 ] x' - 436«* + 14400 = Oo ( ) 


^'>'7 

S: 6^0 

^JiJ 14400 

10 . 

[)S3t] 

^B: Zl+Si^^ 

lais] 

[ 1 ] J* - 169i + 3600 = 0,, (f5S) 

[4^@I 

25tf-o 

3fe7t—;5<7^, 4f 

H3600^t^^. 1 



I Notes J 


[ 1 ] The expression in modem form is the equation: x' - 43dr^ + 14400 = 0. (C ) 




10. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
square of the gou. 

Ans. 25 bu. 

Process. Let the element tian be the square of the gou and the element di 
the gou. Using these elements we obtain 3600 for the positive ski, 169 for 
the neg^ve fang, and 1 for the positive yu, a quadratic expression^' ^ whose 
root is the square of the gou. 
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[ Notes} 


[ 1 ] The expression in modem form is the equation: - 169x -t- 3600 s 0. (C ) 


11 . 


^B: + 

akjt-ys^, 5z. if^nn-^^Zo ^#h"PA-& 

[}t.n] 

[ 1 ] + 169^ - 3600 = 0= ( ) 

[^^] 

*^R3(/301^o K^i^Xin°n-^o f“1: ^'>"1 

144 D^o 

Jj-3600j?*?Ilf4fc^. 


12 . 

[jlS:] 

^B: —H7\+:fL^o 

t^B: Mtu—^85, lfeBE-n^:^o t#—1^yV‘S‘ 


11. The product of the gou and the gu is 30 hu, and their sum 17 bu. Find the 
square of the gu. 

Ans. 144 bu. 

Process. Let the element tian be the square of the gu and the element di the 
gou. Using these elements we obtain 3600 for the negative shi, 169 for the 
positive/ang, and 1 for the negative yu, a quadratic expression ^’ whose 
root is the square of the gu. 

I Notes ] 

[ 1 ] The expression in modem form is the equation: + 169x - 3600 = 0. (C ) 
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12. The product of the gou and the gu is 30 bu, and their sum 17 bu. Find the 
square of the xian. 

Ans. 169 bu. 

ftocess. Let the element dan be the square of the xian and the element di 
the gu. Using these elements we obtain 2873 for the positive shi and 17 for 



-H# 


-^|5]c, 

ti$8] 

[ 1 ] -I7x + 2873 = Oo ( ) 



14-W] 

1691 ^. 
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the negative/art^, a linear expression ^^ whose root is the square of the 
xian. 


[ Notes ] 

[ I ] The expression in modem fonn is the equation: -17jr + 2873 * 0. (C) 



CD 

C/5 ^ 




cr 
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[ 1 ] -nwSTI^^, 

e <^^> w “< ^;3:) ( n ) iS”o « 

-&JJC1^*$. ttSec^^TftM—t'^o (Ki) 



6/8 


1 . 

[JM*] 

^ 0 : nr.0, Bim0o^^^ 

^]E^, -tHA -WA+A^Am. H 

miTJfZc^^^ ^r^jo 


l)SSl 

c. iftBP: [(a + 6)-c]a = 6.- ^ -- 

c - ib - a) 

4o (») 

[ 2 ] iftTJSK -aiwit-” pq^, (w) 

[3] -Sx- + le&x’ - 784x^ + 3072 = Oo (ISS) 

[4-W] 

mu 00 1^: Jijt-S-i^^:>'? 


Zuo You Feng Yuan ( Left, Right, 
You Meet Elements ) 

21 Problems 


[ Notes ] 

[ 1 ] The problems under this head are in reality the same as those under the preced¬ 
ing head, namely the solution of simultaneous equations of higher degree. The author, in 
choosing the heading, no doubt is applying the quotation from Mencius, which does not 
differ in sound and differ^ in meaning only by changing the last character.Mencius, ( % 
( S ) iS. go to the left or go to the right you meet springs. (C ) 

1. The product of the difference between the he and the xian by the gou is 6 
bw, the quotient of the square of the gu and the difference between the xian 
and the jiao is 4 ^' Find the gou and the gu. 

Ans. Gou, 3 bu\ gu, 4 bu.^^^ 

Process. Let the element lian be the gu and the element di the yfao. Using 
these elements we obtain 3072 for the positive shi, 784 for the negative 
upper lian, 168 for the positive lower lian, and 5 for the negative yu, an 
expression^^^ of the fourth degree whose root is the required gou. 

[ Notes 1 

[ 1 ] Let the gou be a, the gu by and the xian c. From the statement we have [(a + 

b) - r]a = 6r -^-=4. (G ) 

c - (b - a) 

[ 2 ] Following the answer, gUy 4 bu could be lost. ( G ) 

[ 3 ] The expression in modem form is the equation: ~Sx!^ + 168x^ - 784^^ + 3072 


* 0. ( C ) 


•7\m 


Ak.it-* ijffitil, 

3072 * , -784*—I68*^^fc^#-4i:, -5* 

7fra<fc;!ro 



2 . 

[JM*] 

^^-^§^^0111. 

mfer? 

^B: ^3^, 

TltB: itfe7U-j^K52®!:. 1#-+3 

::^IE3C, 

[aw] 

[ 1 ] JitfiP: <ic - <j£? * 3,c* - 6c = 5© (R ) 

[ 2 ] -3^ +12 = 0© (a) 


[4-W] 

?i3^:y5#o 1"T: 

§•: 4j3^, »t4it-o 

iitA7t-*<S, Ak.it-*JttS4^, :^>t-^Ak,it+Be-g-»it^-S-W-o 


2. Tlie product of the gou and the xian exceeds the zhi ji by 3 bu\ the product 
of the xian and the gu is less than the square of the xian by 5 J^ Find the 
gou and the gu. 

Ans. Gou, 3 bu\gu, 4 bu. 

Process. Let the element tian be the gu and the element di the difference 
between the xian and the gu. Using these elements we obtain 12 for the 
positive shi and 3 for the negativea linear expressions^ ^ whose root 
is the required gu. 

[ Notes ] 

[ 1 ] That is, oc - of> = 3, - fcc s 5. (G ) 

[ 2 ] The expression in modem form is the equation: -3x +12 = 0. ( C ) 
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3. 

\>j.^mz, W.U, JJD-^, ^n- 

K. w;iM? 

^B; feia^o 

^mi3^'rm, 

[JiiSl 

[imw-.mmi3a,b. ittBP; J ^L:t ^ zJl/’,- ^21^ -2( fe - a ) * 
15-5-; #ao* - (a + *) = 2(iTfl)oCJp) 

t 2 3 TF^rJCWSEft^iCi^: -94r« - Mr* + 2JQr» + 1060^ - 1840 = 0, ( US ) 

[4-it] 

1-1: 

m3-^, ^^4-^0 

1060 ^ — 210 : 5 ^ —- 54 ^^ 


3. From the zhi ji increased by the width subtract twice the jiao', multiply the 
remainder by the length and subtract the zjti Ji; divide this remainder by the 
width and increase the quotient by twice the Jiao; the result is 15 y few. The 
square of the width less the he is equal to twice the Jiao. ^ ^ Find the length 
and the width. 

Ans. Width. 3 bu; length, 4 bu. 

Process. Let the element tian be the length and the element di the width. 
Using these elements we obtain 1840 for the negative shi, 1060 for the 
positive/ang, 210 for the positive upper lian, 54 for the negative lower 
lian, and 9 for the negative yu, an expression^ of the fourth degree whose 
root is the required length. 


[ Notes ] 

[ 1 ] Let the width be a, and the length b. From the statement we have 

[ab + a- 2(.b-a)]b~ab ... . ,,i ., , . 

- -=- * lib - a) = 154- ;anda*- (a + i>) s2(o 

a 3 

-a). (G) 

[ 2 ] The expression in modem form is the equation: •-9x‘ - 54j:^ + 2\0j^ + iObOt 


- 1840 = 0. (C) 



m 

71 

£ 

m 

T 
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4 . 

UX^mZ, T^/Lfsr? 

^B: -fera^o 

f—m:^r. Am±*, “::%IEPS. 

n^o -^1^0 


[an] 

[ 1 ] iltSP: (ab + o^ - b^) a - ab = at Xf'S. 

a. (») 


(a + b) - 3 (b - a) 
b 


[2] X- - 7^^ + ar* + 11^ + 3 * 0„ (BS ) 


id(.J!2.3p, iiimXKZ, 

^ '>'? 

m3-!^, ■ife3^41^o 

;iC: iSL^TO-^^, -ff^’J 

1 7f-i!9<fc;T, -ffj'jeqo 


5. 

[JI*] 

^H: H+A^o 


4. From the zhi ji increased by the square of the width subtr^t the square of 
the length; multiply the remainder by the width and subtract from the product 
the zhiji\ the result is equal to the width. The difference between the he and 
three times the _/iao divided by the length is equal to the jiao. ''' Find the 
length and the width. 

Ans. Width, 3 bu\ length, 4 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 3 for the positive shi, 11 for the positive 
fang, 8 for the positive upper lion, 7 for the negative lower lion, and 1 for 
the positive yu, an expression ^ ^ of the fourth degree whose root is the 
required width. 






[ Notes ] 


[ 1 ] Thai is, iab •¥ ) a - ab s a; and 


(a -t h) - 3 (b ~ a) 


s b - a. 


(G) 


[ 2 } The expression in modem f<mn is the equation: y-Tx’ + Sjr^+lljt + Ss 
0.(0 
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5. The zhi ji plus the width minus three times the length is 3 bw, the square of 
the width equals the jiao. '' ^ Find the zhi ji. 

Ans. 36 bu. 

Process. Let the element rion be the z/u ji and the element di the width. Using 





=-{-^^}kiT, -^mm, 
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\^m 

[ \ ] JitBP: ab * a - 3b = 3t ^S-O^ = b - a^ (%) 

[ 2 ] x’ - 37x* + 37x - 36 = 0= ( gS ) 

14^W] 

^0 f-T: 

36#o 

mo 37^-;^^jf.it. -37i^(—;i:^#.it, i 


6. 

[JSit] 

. /hK, m;*:fP. X^gt, 5^E+“^o K5:A:^j!jD/J^ffl, 
/hS?, r«T: ^#Af5I? 

^0: TA^, -^-+-^0 

A0: A. #A+A:^iE 

XXAXhkX, -i'Eg^MJ:*, AmT^. 


these elements we obtain 36 for the negative shi, 37 for the positive/ang, 37 
for the negative lian, and 1 for the positive yu, a cubic expression ^ ^ ^ whose 
root is the required zhi ji. 

[ Notes ] 

[ 1 ] That is, afe + a - 3& ss 3; and <^ = b - a. (G ) 

[ 2 ] The expression in modem form is the equation: jc’ - 37 j:^ + 37x - 36 = 0. 


6. The zhi ji plus the xiao he and the xiao Jiao minus the da he and the da Jiao 
equals 52 bu. The square root of the sum of the great length, the xiao he, and 
the xiao Jiao is less than the great width hy 2 bu. ^^ Find the length and the 
width. 

Ans. Width, 6 bu; length, 12 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 96 for the positive shi, 68 for the positive 
fang, 14 for the negative upper lian, 6 for the positive lower lian, and 1 for 
the negative yu, an expression ^ ^' of the fourth degree whose root is the 
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[ 1 ] :^SE. 

f)] - [(a 4. *) + {i, - a)] = 52; -Jb + L(|^f) + <|--f >] 

= 2o (H5) 

[ 2 ] -X* + 6^ - 14x« + 6&* + 96 = 0„ (i5S ) 

1 

itm‘}'29o f"T: P‘>'7 

m6ip-. -^12#. 

]Sfo ^4S'j96:S(^'$■|fc^, -14 6Mj^ 


7 . 

[JlAl 

^0: 

7^0; ife:^—lfeS5'«^;io ^#A+Hj^iE 

—^:^%^±.m, -^lEPS, 

-^I^o 


[5iiRl 

[1 ] jttBP: - (a + 6) = 9.a* - (6 - a) = 8o (IS) 


required width. 


[ Notes ] 

[ 1 ] In Luo Shilin’s viewpoint«greal length,great widths he, da jiao, small length, 
small width, xiao he, and xiaojiao ma ,b,a ^ b,b - a,^, ^ ^ ' 

From the statement we have ab •¥ " [(a ■¥ b) + (b ^ 

a)] = 52:anda -Jb + [(# +f) + <|--f >3 = 2. (G) 

[ 2 ]The expression in modem form is the equation:+ 6*^ - Mx* + 68x + % 
» 0. (C) 


7. A piece of land is in the form of a rectangle. The square of its length minus 
the he is equal to 9 bu; the square of Its width minus the jwo is equal to 8 &u. ^^ 
Find the length and the width. 

Ans. Width, 3 6u; length, 4 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 63 for the positive shi, 18 for the negative 
fang, 16 for the negative upper Han, 2 for the positive lower Han, and 1 for 
the positive yu, an expression' *' of the fourth degree whose root is the 
required width. 


[ 2 ] x" + 2r"- l&r + 63 = 0o(BS) 


m 

7C 

2 

T 
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[4-itJ 

r"l: iwftfj-it. 

I^3#, 

-163^7— 


8 . 

(ilS:l 

Jp—K, 

—N: ^^AfpJ? 

^H: KPqi^o 

m, ramag. -mm. 

[iiS] 

[ 1 ] iltBP: ab * b + 2a ^22,1}^ * a - {b - a)* = 18c (W ) 
[ 2 ] x’ + 4^ - 27x + 18 » Oc ( ) 


[4-W] 

m. 13<;|L 


[ Notes ] 


[ 1 ] That is,b^- (a * b) =9 ,(.b - a) =8. (G) 

[ 2 ]The expression in modem fOTm is the equation: jr* + - !6r^ - 18* + 63 

= 0. (C ) 


8. The sum of the zhi ji, the length, and twice the width is equal to 22 feu; the 
square of the length plus the width minus the square of the jiao is equal to 18 
hu. ^^ Find the length and the width. 

Ans. Width, 3 bu; length. 4 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 18 for the positive shi, 27 for the negative 
fang, 4 for the positive lion, and 1 for the positive yu, a cubic expression ' ^ * 
whose root is the required width. 

[ Notes ] 

[ 1 ] That is. ab + b * 2a = 22.b^ + a - (b - a)^ = 18. (G) 

[2] The expression in modem form is the equation: ** + 4*^ - 27* + 18 = 0. 


(C) 


- 7\0 
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9 . 

tJlA] 

^H: 

Hm:Sr, 0mPS, n^. ^Ro 

[asi 

[ 1 ] ]ltBP: fl* + 2a - 3(^» - a) = 15. -liF + ^a =^ (a + *), (5?) 
[ 2 ] ff 4 jc^ + 3:c - 45 = 0. (SS;) 

:§^: I5fl3#, -ifc4^o 

ftfo ^^^'J-45i^^t^fc^. 4:5ij|LS;/L^#.!*:. 

10 . 

[JI3t] 

vA^mz, m^mz, imm-, n-ti^. 

®E»^, fal: fe, T^iLfSr? 

^0: ¥7^^, 


9. The zhi ji plus twice the wid^ minus three times the jiao is equal to 15 bu. 
If we take the strong half of the length and the less half of the width their sum 
is equal to four-sevenths of the he. ^’ Find the length and the width. 

Ans. Width, 3 hu; length, 4 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 45 for the negative shi, 3 for the positive 
fang, and 4 for the positive yu, a quadratic expression ’ ^ ^ whose root is the 
required width. 

[ Notes 1 

[ 1 ] 7113115,0* + 2<j - 3(/> - o) = + -1-fl = i-(o + f»). (G) 

4 3 7 

[ 2 ] The expression in modem form is the equation: + 3x - 45 * 0. (C) 


10. Multiply the zhi Ji by the length and divide by the width; from the quotient 
subtract the zhi ji and divide the remainder by the length; the quotient is 7 bu. 
The square of the jiao increased by the length is equal to the square of the 
width, f^ Find the length and the width. 

Ans. Width, 8 6m; length, 15 bu. 



•7\m 
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-m*, ±^, Tfeffff-,t^] -^rnio 

i^im] 

jab) b _ 

[ ] ] iltBp, -2-^ = 7, ( t - fl )^ + i> = (IP) 

b 

[ 2 ] ^ - 15 = o„ (Ki) 

[4^ii] 

X*: l“T: 

Afo m'i-l5^t4tm, I 

11 . 

[®*] 

a^k. mmn, 

(B]. 

^0: ^A0, ^—\- = 0o 

AB: SiAtE-W, ifeTC-::^^. 1#-^-+^^ 

H-f—m:fir, Am*. -mPS. 1#¥o 


[Ji»l 

[ 1 ] ittBP: a^ • [(a + fr) + 6 (h - a)] = /7,(^-a)* + £i-4(/>-a) 
= ho im) 


Process. the element tian be the length and the element di the width. 
Using these elements we obtain 15 for the negative shi and 1 for the posi¬ 
tive fang, a linear expression - ^' whose root, by division, is the required 
length. 

[ Notes ] 

(ab) b _ . 

[ 1 ] That is,-3- — = 7, ( <» - a )» + & * a*. (G ) 

b 

[ 2 ] The expression in modem form is the equaticMi: x-15 = 0. (C) 


11. In a right triangle from the square of the width subtract the sum of the he 
and six times the jiao; the remainder is equal to the length. The square of the 
jiao plus the width less four times the jiao is also equal to the length. ^^ Find 
the length and the width. 

Ans. Width, 8 bu; length, 13 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 120 for the negative shi, 31 for the positive 
fang, 6 for the positive lion, and 1 for the negative yu, a cubic expression * ^ ’ 
whose root is the required width. 
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[ Notes ] 

[ 1 ] Thar is. - [(a + f>) + = b, (b ~ a)^ + a ~ 4 (b - a) = 

b. (G) 


-7{«( 


I 

I 
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[ 2 ] -x’ + 6*" + 3U - 120 = Oo (1^) 

(4-lf ] 

ms^, -ifei3t^, 

^^i'J-i20?{i'|-4ffc-«, 31 6:3(7— 

12 . 

II^A] 

amm, m.^m, ux^mz, 

-SIP, (Bj; 

^B: tc-+-^o 

-t-tm*, -^SPS, 


[a«l 

[ 1 ] jtfcBP : {ut ab. lP + 2(b-a) -2{b-a)^ 

a 

^ab, (IP) 

[ 2 ] ff -x^ + 17 t - 60 = 0. ( ISS ) 

14 ^®) 


[ 2 ] TTie expression in modern form is the equation; -x^ + + 31j: - 120 = 0. 


(C) 


12. Add to the zhi ji the square of the he and subtract the square of the jiao, 
then divide the result by the width; the quotient is equal to the zhi Ji. Add to 
the square of the length twice the jiao and subtract twice the square of the 
jiao; the result is equal to the zhi ji. ^^ Find the length and the width. 

Ans. Width. 5 bu; length, 12 hu. 

Process. Let the element tian be the length and the element di the width. 
Using these elements we obtain 60 for the negative shi, 17 for the positive 
fang, and 1 for the negative yu, a quadratic expression ^ ^ ^ whose root is the 
required length. 

{ Notes ] 

[11 That t2(t-a) 

a 

= ab. ( G ) 

[2] The expressicHi in modem form is the equation: + 17x - 60 = 0. (C ) 




-H# 
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H: -ifc. n^jijp-y? 

msy, 

•f4^'l-60^fl'$-M, -1 

13. 

[JSSI 

rnA-'^, 'b^, ^m^0o H^~y:famybiA, X 

f^: ^^Jli^l 

^B: YH^. ^X0o 

?^0: ^xx.-x^, mx-x\^:i, x. i#- ■+£>;# 

-mis. n^o -&f^= 

[jiS] 

[ 1 ] JB • .&S>. :*:«. :*:S. + b. 

f-.l + f.lttBP: to*- f+[{b-a) + (^ + |-)]|-<jfr = 5,afc 
- [2(fl + *) - (I'+^i)] =5.(?1I) 

[ 2 ] ;c* + 2* - 15 = 0. ( B9-;) 


[4^if 1 



13. The zhi ji minus the sum of the small width, the great jiao, and the small 
he exceeds the zhi Ji by 5 bu. Twice the great he minus the sum of the small 
length and the great width is less than the zhi ji by 5 bu! ’ ^Find the length and 
the width. 

Ans. Width, 3 bw, length, 6 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain IS for the negative shi, 2 for the positive 
/ang.and 1 for the positive yw, aquadratic expression^^^whose root is the 
required width. 

[ Notes ] 

[ 1 ] According to the zongkuo of the Introduction to Mathematical Studies, the great 

he should be a + £>, the great jiao b - a, the small length , the small width , and the 

small + -r • From the statement we have + + 

Ob o ^ b 

[2(fl + *) - =5. (G) 

[ 2 ] The expression in modem form is the equation: 4? + 2x-15 = 0. (C) 


-H# 
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14. 

[/SAJ 

|B]: 

^B: 

y^B: i(feK^^;^o ^#A't■-^^iE 

l)i»I 

[ I ] ittBP:/^ - a * 3. (fr - a) -/T* 3o (») 

[2] -x^ + 3x» + 45x + 81 =0=(PH) 


[4-if 1 

-^I6#o 

^f-A:t. #-^^1-1. 


14. The square root of the zhi ji minus the width is 3 bu\ the square root of the 
length is less than the jiao by 3 dw.'' ^ Find the length and the width. 

Ans. Width, 9 bu\ length, 16 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 81 for the positive shi, 45 for the positive 
fang, 3 for the positive Han, and 1 for the negative yu, a cubic expres¬ 
sion f*' whose root is the required width. 

[ Notes 1 

[ 1 3 That is,/^ - ib - a) -Jb - 3. ( O) 

[ 2 ] The expression in modem form is the equation; + 3x^ + 45.t + 81 ® 0. 
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(C) 


15. 

[JIA] 

W?F:^:, fsi: K. ^#;lh? 

^B: 

7|ta: 1#-W 

-^jEm, E.mi:wzA^' mw-o -a-r«io 


[ftm] 

[ 1 ] ittBP: [/^ * /(<! + *)] - <2 * 8, fa~El> -fb= U (IP) 

[2] ■. x" - 4x^ - 26^ - 19fo + 225 » 0„ (|!S) 

-s^8#o 

m9-^, -ttiet^, 

)ik,>t;tese.'^>':^-^*l*f. ^?-S'j225 7<7'i?*lfc^, -26 

16 . 

1 ^! mm^Am 


t 


15. The sum of the square roots of the zhi ji and the he minus the width is 8 bu\ 
the square root of the length is less than the square root of the hehy \ bu. ^^ 
Find the length and the width. 

Ans. Width, 9 bu\ length, 16 bu. 

Process. Let the element tian be the width and the element di the he. Using 
these elements we obtain 225 for the positive shi, 196 for the negative 
fang, 26 for the negative upper lian, 4 for the negative lower Han, and 1 for 
the positive yu, an expression * - • of the fourth degree whose root is the 
required width. 

[ Notes ] 

[ 1 ] That is, [ + J(a + b ) ] - a = 8, .ja * b - /F = I. ( O ) 

[ 2 1 The expression in modem form is the equation: x* - 4x^ - 26x^ - 19dt + 225 
= 0. (C) 
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16. The sum of the z/»' ji and the width is equal to the sum of ^tjiao and twice 
the he\ the difference between the squares of the length and theyico is also 
equal to the sum of the jiao and twice the he. '' J What are the four matters 
[ length, width, he. andywo ]? 


-m:^-. -^MPS, TO?F:^.f*M#^o X: ife 

ffl, X: ^^#H 

^iE^, ±sg, TOM-.'*5 BPSE. -g-l^o 

[ jiS ] 

[1] jitPP: ab + a = 2(a + b) + (fc — a), fr^ - (ft-tj)’ = 2(a + f>) + 

U - a), (n) . 

[2] m^Sft “W'fcit-. K-it" A'?. (?P) 

[ 3 ] -Jr^ + 2* + 3 = 0. ( 15}^) 

[4] 3x- l2=0o(l!rO 

[5] -x^ + 6x*T = 0,(m) 

[6] -3^ + 3 = o. (PS) 

k^-. 

-^W-jfcisiji#^, 1-1: -it. m. 

$•>-? 

m3^, 

^mM.^ 1 

)Sfc m'\3^'t^^, 

^7t4J47L;^0^e. 

■^l■:2^1^.*)i^, 

3t7G-^l^L7t,^ee.-^^:^^*]^^,v -Jfi'J 3^. -3>fj—-S' 



Ans. Width, 3 bu\ length, 4 bu. 

He, 1 bu\jiao \bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 3 for the positive shi, 2 for the positive 
fang, and 1 for the negative yu, a quadratic expression ^ ^ ^ whose root is the 
required width. Again let the element tian be the length and the element 
di the width. Using these elements we obtain 12 for the negative shi and 3 
for the positive fang, a linear expression f*' whose root is the required 
length. Again let the element tian be the /te and the element di the width. 
Using these elements we obtain 7 for the positive shi, 6 for the positive 
fang, and 1 for the negative yu, a quadratic expression ^ ^ whose root is the 
required he. Again let the element tian be the jiao and the element di the 
length. Using these elements we obtain 3 for the positive shi and 3 for the 
negative/ong, the linear expression whose root, obtained by division, 
is the required Jiao. 

[ Notes ] 

[ 1 ] That is, ah + fls2(a + l>) + ib - aXb^ - {b - a)^ = 2 (.a + b) * 

I b ~ a). (G ) 

[ 2 ] The original text lost the six characters he qi bu, jiao yi bu. According to the 
statement and the question, we add them. ( G ) 

[ 3 ] The expr^ion in modem form is the equation; -j^+2x + 3 = 0. (C) 

[ 4 ] The expression in modem form is the equation; 3x - 12 = 0. (C ) 

[ 5 ] The expression in modem form is the equation; -j^ + 6r + 7 = 0. (C) 

[ 6 ] The expression in modem form is the equation: -3 j: +3 = 0. ( C) 
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17 . 

o'^'‘ l^: ^^Jim 

^FI: ^H^-, KlEit-o 

?t;B: ife7n-^K, ^#-WA*M 

-i^iEffi, X: :te7U-^^o 

-fc t-A:^ii:^r. £+$^±0. “m-*. 

Arm, -a-i^o 

[iiSl 

[ 1 ] lltBP: (ab)a = b+ 5ia + b)i #flfr^ + (b-a)^ = b + i(a + b)o 

(9IS) 

[ 2 ] - 3j* - 12*^ + 36xJ + 36* - 108 = 0. ( ) 

[3] ?F*-S6<jaiTOA^: -2 a> + &A- + 2c> + 55 a= - 7dr + 5 = Oo ( r;) 

[❖if] 

^3?., M-. -Ife. J''? 

m3-^, 

-l08?f;'«'M, 36i(;— 

iaiAA-7*;-)fe. c ^^^'] 5 ^ 

lirM, -76>ff—55 7*1—8^f; 
E9A:^f,|t, -2 7^|ti^A5S#.4fc, ■?^-£.;/l;5^, ^^fij-ifec 




17. The product of the width and the zhi ji is equal to the sum of the length and 
five times the he-, the sum of the squares of the length and the jiao is equal to 
the sum of the length and three limes the Ae. ‘’ Find the length and the width. 
Ans. Width. 3 bw. length, 5 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 108 for the negative shi, 36 for the positive 
fang, 36 for the positive upper//on. 12 for the negative second Han, 3 for 
the negative lower Han, and 1 for the positive yu, an expression ' ^ ^ of the 
fifth degree whose root is the required width. Again let the element Han 
be the length and the element di the width. Using these elements we obtain 
5 for the positive shi, 76 for the negative/ang, 55 for the positive upper 
Han, 2 for the positive second Han, 8 for the positive lower Han, and 2 for 
the negative yu, an expression of the fifth degree whose root is the re¬ 
quired length. 

[ Notes ] 

[ 1 3 Thai is, (aA) a = A + 5 ( a + A >. and * (fc-a)’ = A + 3(a + A). 

(G) 

[ 2 ] The expression in modem form is the equation; x* - Sx* - IZx* + 36x* + 3dj: 

- 108 = 0. ( C ) 

[ 3 ] The expression in modem fwm is the equation: -2x^ + Sx' + lx’ + 55x^ - 



n m 

CO g 

n •< 

•-r? 


mm 
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76x + 5 = 0. (C) 


18. 

ksKimtojf 

^B: ^m0, feA+uy^o 

Ai—-WAm±^, s+Bg::^^Aiig, -+-^^MTIl, 

[as] 

[lljlfcBp, a-J^ = it ^S./b-a = }^.in) 

[ 2 ] -or’ + IZ*' - 54^:^ + lOar^ - 8lx + 4 = Oo ( Mi) 

l^W] 

i-T; 

-81i^—108?(;—-54>(;.£. 
iit, - 1 jfj ]g. #- 4fc , ^ 

19. 

[J^Al 

--m^?f;5:, law-. 0f1l. 'l''¥.=^o 


18. Divide the fourth root of the zhi ji by the width; the quotient is less than 
the width by 3 bw, the square root of the length exceeds the width by half of 
itself J ‘ ^ Find the length and the width. 

Ans. Width, 4 bu\ length, 64 bu. 

Process. Let the element lian be the width and the clement di the length. 
Using the.se elements we obtain 4 for the positive shi, 81 for the negative 
fang, 108 for the positive upper iian, 54 for the negative second/ian, 12 for 
the positive lower lian, and 1 for the negative yu, an expression - * ^ of the 
fifth degree whose root is the required width. 

[ Notes J 

[ 1 ] That is. a —= 3; and fb - a 
[ 2 ] The expression in modem fonn is the 
Six + 4 = 0. (C) 


= ( G ) 

equation: -x* + IZx* - 54x^ + 108x^ - 


19. Divide the fourth root of the zhi ji by the width; the quotient is less than 


the width by 3 bu\ the square root of the length is less than the length by 
seven-eighths [ of itself 1 *'' Find the length and the width. 



m 

T 
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7ft0: AL^7t-ig^, mw.'kmz. 

A-h-S+K^E*. 

& vm, -^(sio 

[!is] 

[ I ] “lil^-Bn--” "vr. “Sp". 3E'J2>S. ittSP: fl - « 

a 

3: #&/*■= (1 -■f)6= (9IS) 

[ 2 ] Jt’ - 12** + 54x» - I08i* + six’ - 64 = 0„ ( fiS) 

[4-iil 

;f:A-|fe|-o f"T: -It. 

■^3(l64#o 

■^»ri-lo 


20 . 

I0S] 

fiP/J'K. lU:fc^mz, iia:km-o 'im, «/hT, 
^W:n.^o 5n:fct£:rR-, *0;^^. i#A^."^(5l: 


« 


Ans. Width, 4 bu\ length, 64 bu. 


Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 64 for the negative shi, 81 for the positive 
second lian, 108 for the negative third lian, 54 for the positive fourth lion, 
12 for the negative lower/ian. and I for the positive>»«, an expression 
of the seventh degree whose root is the required width. 


[ Notes ] 

[ I ] It is unnecessary that Luo Shitin changed the character yi of yi ping er yi into 

ru. That is, a —* 3; and/^ = (1 -^) b. ( G ) 

a ® 

[2] The expression in modem form is the equation; jt’ - 12^* + 541* - lOS^r* + 
8 U' - 64 = 0. (C) 


20. Multiply the zhi ji less the small width plus the small7100 by the great 
width, divide the product by the great length and from the quotient subtract 
the small width; the remainder is equal to 9 bu. Divide the square of the width 
plus the great jiao by the great length and add to the quotient the great width; 
the result is equal to 8 hu. ^^ Find the length and the width. 
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^S: 

^#e:^aha 

-^4rH-i-Am:6r, 

i^raH, E-t-Hj^^A*, - 

AAA*. -^MP. Am:^E;2:.'*M#To '^f^lo 



[4-if ] 

'J'+, KS;: P^4L3^*>Afe, l^»':t-ifc. ;i<^-lfc, -f-fSI^o 1"1: 

^3^, 

;|i-: iit:S5.?t— 

-50688 , 1728 ^ —#.&, 17152i&—^.4t, -1776 

-1208ifrra;fc^^lt, 491 -170?';^ 

-53 27ii;/V^fcqi#,^fc, 

7T-+^fcA. mmo 


Ans. Width, 3 bw, length, 6 bu. 

Process. Let the element tian be the width and the element di the length. 
Using these elements we obtain 50688 for the negative shi, 1728 for the 
positive fang, 17152 for the positive upper lian, 1776 for the negative sec¬ 
ond lian, 1208 for the negative third lian, 491 for the positive fourth lian, 
170 for the negative fifth lian, 53 for the negative sixth lian, 27 for the 
positive seventh lian, 2 for the positive eighth lian, and I for the negative 
yu, an expression ‘ ^ - of the tenth degree whose root is the required width. 


I Notes 1 


[ 1 ] That is. 


\,ab - 


a ./ b 
T + <-a 




•^ = 9; and-+ * = 8. 

b b 


(G) 



The expression in modem form is ihe equation: + 11 - 53^’ - 


+ 491,x’-120&c* - I776x^ + I7152t^ + 1728x - 50688 = 0. (C) 
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21 . 

^m, N: n. ^jim 

^S: 

“"PpqTfEstA^^Mraig. -"F-t^pgiH::ms 

m, -^ii^=-\--^^zm, Aw-t+-^i».tifi. -+-:^ji,i.A 

m, AjAjMPS. i^jfjr-z,^^'- •a-i'rJo 


[ iis 1 

[ 1 ] ittKP: ^ac*(b-a) = * ; ?f-il V*c-((a + 6)+c] = c - a* ( ?15) 

[ 2 ] “fl^". "S". KKRSBEiE. (®) 

[ 3 ] 

at" - aot"’ + 22x’ + 671.t» - I932r’ + 2747j*-2446r‘ + 1520*^ - 620*' 4 I lOr^ 
414.* - 6 = 0. (i») ^±miK:fo6t/jmn-4^^^.jLm, (H) 

l^n] 

;>'? 

:|^: i] 3t^. 

^^^ll-6i^J'*■^4:^, 14;d-;A^;?.4fc, lio^lj—-^fc^^.lfc. -620i^f^ 
1520^ev^^#.41:. -2446i«7iL;fc^ 2747ii;A;i:^ 

^/rf^o 



21. The square root of the sum of the gou times the xian plus the jiao equals 
the gu; the cube of the difference between the xian times the gu and the sum 
of the xian and the he equals the xian less the gouS '' Find the gou and the ^ 

Ans. Gou, 3 feu; gu, 4 bu. 

Process. Let the element tian be the gou and the element di the xian less the 
gu. Using these elements we obtain 6 for the negative shi, 14 for the posi¬ 
tive fang, 110 for the positive upper lian, 620 for the negative second Han, 
1520 for the positive third Han, 2446 for the negative fourth Han, 2747 for 
the positive fifth Han, 1932 for the negative sixth Han, 671 for the positive 
seventh Han, 22 for the positive eighth Han. 60 for the negative ninth Han, 
and 8 for the positive yu, an expression * ’ • of the eleventh degree whose 
root, 3 feu. is the required gou. 

[ Notes ] 

[ 1 ] Thai is, jac + (b - a) * <>; and jbe - [( o + fe ) + c] * c - a. ( G ) 

[ 2 3 The gu was mistaken as xian. According to Dai Xu ’ s research, we revise it. 

(G) 

[ 3 ] The expression in modem form is the equation; 

8x" - bOr''’ + 22x’ + 671x* - 1931r’ + 2747x‘-2446ic* + >52ar‘ - 62ar^ + 1 lOP 
+ 14.x -6 = 0. ( C ) Luo Shilin considered that the equation was not completely right. 
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(G) 




■ 7\0 MvhHHiSB 




1 . 

[iSSl 

1^: SJlfsr? 

^0: -+'t:^= 

^B: A7g-^3£. n 

=+E^iE®. -AM. 

[ 1 ] itfcBP: ab - [{b - a) + c] + ic - b)^ = tc - (b - a)]'^. 
^Hjj^H {a * b * c) (^-< 2 )o(^) 

[2] Z* - J9z + 34 = 0o (Bf.) 

[4-if 1 

3^^^. 4ft, )»T; 

17lfto 

A: ift.A>t—ii{!->t—A4ft. A^—A>t, i^TC-^ATt^ 

•ffsOMA'I’M, i 
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k 


2 . 

[J^A] 

mnifm, wmz, 


San Cai Bian Tong ( Changing of the 
Three Talents or Expressions in Three 

Unknown Quantities ) 

11 Problems 

1. The zhi ji minus the sum of the xian and the jiao plus the square of the 
difference between the xian and the gu is equal to the square of the difference 
between the xian and the jiao', the square of the gou minus the sum of the 
three [ gou, gu and xian ] is equal to the sum of the xian and the jiao. •' ’ Find 
the xian. 

Ans. Xian, 17 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the xian. Using these three talents [ elements ] we obtain 34 
for the positive shi, 19 for the negative fang, and 1 for the positive yu, a 
quadratic expression • * ^ whose root is the required xian. 



n E 
ST w 



e/9 o 
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[ Notes ] 

[ 1 ] Thatis, - [{b - a) + c] * (c-fe)* = [c - (.b - a)]\ 
a* - (a + fr + c) = c+ (b - a). (G) 

[ 2 3 The expression in modem form is the equation: z* - 19z + 34 = 0. (C) 

2. The square root of the sum of the zhi ji and the square of the Huang fang is 
equal to twice the difference between the xian and the gou-, the square root of 
the difference between the xian less the jiao squared and the sum of the gu 
and the gou is equal to the gu less the difference between the xian and the 




^ 0 : 

Eg"p-W 0 ^^^A, 

±. m , e:^h"paha+aa^t0. umir ^ 
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[j'ia] 

[l] ittBP: ^ ab * [(a + 5) - c]* = 2(c-fl), 

/[c - (fc-fl)]* - {a * b) = b - (c-i>)t,(?P) 

[ 2 ] AAWSEf^iJ^Ai^: 42092* - 53998z’ + 422282^ - 41042 - 864 = 0o( ) 

[4-i¥] 

*4?-4fc4 24g-^ijS4i;fa^o X*: 

1 -1: flS:, 

12^0 

A: iS-J^TL—7(;i3. K, ^ 

^S'j-864i^l'^fM, -4I04i(i 
42228?(l—-53998it. 4209 
i^A^if>it. Pp4fe 


3. 

li^S;] 

nm, - 



gu. f'' Find the sum of the three ( sides ). 

Ans. 12 bu. 

Process. Let the element lian be the gou, the element di the gu, and the 
element ren the sum of the three. Using these three talents we obtain 864 
for the negative shi, 4104 for the negative fang, 42228 for the positive 
upper lian, 53998 for the negative lower lian, and 4209 for the positive 
yu, an expression^ of the fourth degree whose root is the required sum. 

[ Notes ] 

[ 1 ] That is. ,jab + [(a+fc) - c3* - 2 (c - aX 
J [c - (b - a)]^ ~ (a b) = b - (c - bX (G) 

[ 2 ] The expression in modem form is the equation: 4209z* - 53998z’ + 422282* 
- 41042 - 864 = 0. (C) 
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3. Multiply the width by the zhi ji and divide the product by the length; sub¬ 
tract the sum of the width and three dmes the jiao-, the remainder is equal to 
the width. Multiply the he by the length and subtract the width; the remainder 
is equal to twice the plus the Jiao.^'^Vmd the sum of the six matters: the 


7Z, 

m 

T 
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t^h: 

i^m] 

[ 1 ] lit BP: - [ a * 3 ( b - a)^ = a, b {a + b) - a* lab + ( b - 

b 

a )=( IB) 

[2] jtfc^ (a+*)* + c^ + (b - a)^ + (oi>+fl + i>)o(W) 

[ 3 ] (IB) z* - 96z + iss = o„ (i^) 

^mJLZ^o 1"1: itt-it39**-. 

^-y? 

S: 94-^0 

JtA—i'jBl, Atl. 

^iUSS^tM, -96^-A5Ijf.tt, 


4. 

li^a:] 

ii^AY, ia«-, m%, inA®. sd^fq-, -^- 
RTx^mm, i^: m 


zhi ji, length, and width, and the squares of the he, xian and jiao^ ^' 

Ans. 94 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required sum. Using these three talents we obtain 188 for 
the positive shi, 96 for the negative fang, and 1 for the positive yu, a qua¬ 
dratic expression^ ’ whose root is the required sum. 

[ Notes ] 

[ 1 ] That is. ° _ [ fl + 3 ( i _ 

o 

a). (Q) 

[ 2 ] That is, {a * b)^ + * (b ~ 

[ 3 ] The expression in modem form is 


a)] s a,b ( a + b) - a* 2ab + (b - 

a)* + (ab + a + b). (0) 

the equation: z* - %z + 188 = 0. (C ) 
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4. From the product of the length and the zhi ji subtract twice the width and 
divide th'e remainder by the width; add to the quotient twice the jiao and 
divide this sum by the length then subtract the width; the result is equal to the 
jiao. From the zjii ji subtract the product of the length and the jiao and divide 


-H# 


^H: --s-pg+A^o 

tKH: ^^7t-tf3^, A^-^?F8fe, -t^m^Zo 

^#A:^A^AWAAiE^, SHA+A^^^A, -^iEPS, ^A?f 
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[iSSl 

[] Jilt BP: 

- a )= ( ?B ) 


b (ab) - 2a „ , , ■. 

- + 2 { b - a ) 

a 

b 


a B b - a. 


ab - b { b - a) 
b 


2(.b 


[ 2 ] ilt^ (ab)^ + (a + b)^ * b^ + a^ + {b - a)^ + [(a + fe) + 2a + 3<> 


+ 4 (i - a)]o (^P) 

[ 3 ] : 2^ - 5692 + 79608 » 0, ( BS ) 


[4-if 1 

^-f 1“1: -Ifc 

248 

A: iSiA^t—Jt>t—3ifK., A/t—A;*t. Mfe.>t-^A 
;iL^;^;f0Se,-^»':tA*)ifo 4?-^'J 79608 ^<7, -569 


the remainder by the length; the quotient is equal to twice the jiao. ^^ Find 
the sum of the nine matters: the he, twice the width, three times the length, 
four times the jiao, and the squares of the zhiji, he, length, width, andjiW ^ I 
Ans. 248 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the sum of the nine matters. Using these three talents we ob¬ 
tain 79608 for the positive shi, 569 for the negative/eng, and 1 for the 
positive yu, a quadratic expression^ ^ ^ whose root is the required sum. 


[ Notes ] 

[ I ] Thai is, 
- a ). ( G ) 


b {ab) ^ 2a 


+ 2 (i>-a) ab - b {b ~ a) _ u 

& _ a^b- a, -a 2( ^ 


[2]Thatis,(fli)' + (a + 6)’ + ft’ + o' + (b-a)^ * [(a + ft) + 2a + 3ft 
■t-4(ft-a)]. (G) 

[ 3 ] The expression in modem form is the equation: ^ - 569? + 79608 = 0. ( C ) 
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5. 

[isa:] 

nxmmz, 

vmmz, to®, vj.n^.z, i«-®. 

^mmw, vmmz, toi;m. unm, vj.n^.z, a 

ES, ^-IR, 

A^-^^?fS!St. ^ZmmZo 


jfgfe- (a^b)]a* (b-a) - ab ^ u ^ b)\b * b 
[l]jtt:BP: - - -[26 + 

a 

^ *ab-a^ 

(b-a)]=a, - - -scoCR) 

[ 2 ] i£5ffl;iW ia * b) + (a + c) + (6 + c) + [(a + 6) + c] + [c + 
(6 - fl)] *A. TLmZn (b-a) + (c-a) + (c-6) + [c - (6-a)] + 
[ia + b) - c] ^ B, jJtBPsR A + fl + a6 + Co ( 9? ) 

[ 3 ] 27z» - 2083z + 15180 = Oo ( BS ) 

id(.A 1 ij® 


5. From the zhi ji subtract the sum of the gou and the gu and multiply the 
remainder by the gou, add the gu less the gou then subtract the zhi ji and 
divide the result by the gu; add to the quotient the gu plus the gou and multi¬ 
ply the sum by the gu; to this product add the gu and divide the result by the 
gou; subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gou; the result is equal to the gou. Divide the product 
of the gou and the square of the gu by the gu, add to the quotient the zhiji and 
subtract the square of the gou, then divide the remainder by the gou; the result 
is equal to the xian. ^ ‘' Find the five he, the five Jiao, the zhi ji, and the xian, 
the twelve matters taken together/*^ 

Ans. 69 bu. 

Process. Let the element lian be the gou, the clement di the gu, and the 
element ren the sum of the twelve matters. Using these three talents we 
obtain 15180 for the positive shi, 2083 for the negative/ong, and 27 for the 
positive yu, a quadratic expression* ^' whose root is the required sum. 


[ Notes ] 


| [afe- (a-,b)] a* {b - a) - ab ^ (a^b)\h^ 


1 ] That is, 


- [ 2b 


a 


+ ( /> “ a ) 3 = - 


» c. ( G ) 


a 


2 ] Let the sum of five he, (a + b) + (a + c) + (b * c) + [(a + £>) + 


c] + [c + (ft-fl)lbe/4.Letlhc sum of Twtjiao, {b - a) + (c-a) + (c- 
h) + [c - (fr-a)] + [(a + b) - c], be S.That is, A + B -¥ ab ^ c. (C) 

[ 3 ] The expression in modem form is the equation: 27 - 2083^ + 15180 = 0. 


(C) 


E 

TC 

£ 

m 

T 


r»l: 

)IS:^4^, ii.tl'f^^ 

691^0 

Ait—i^/^-^-it, Ait, i&it-^A 
^S.:^^nSL'^y:l^%SrS^. m'\ ISISOi'j'r^!:^, -2083 
21 fl--f-^. PNfp •l?-'^^/ri»lo 
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6 . 

[®5:] 

ia^*;t. iip^Aira. vmmz, liun 

mm. I'xmmz, m, ss-m, - 23 fla$J, ms 

^:j^fla 3 tf, l-MI^:^, Summ. Vj.^mz. I'nl: 

nm^wMin^i 

^B, myA0o 

t^B: 3:S7C~^^^, i^Tt-IXm. A^—^jr-iit, M>l•^gK^:^o 
^#A-TAiE^, 2gAAT-tl!JA+—AW t;+_:^MP^, f- 

[as] 

[ I] ?F^r:^lW«l^t®^^J: 972z* - 467812 + 6000 = 0„ ( [ c - (fe 

- a )] aio (IB ) 


[4*S1 

yum, ^yxm, *>k, myjii}, i 

48^0 

A: ii-Ait—i(;^a, i4,it—i(7flS.. Ait—AA, *feA4A 

-46781 it, 



6 . From the zhi ji subtract the sum of the gou and the gu and multiply the 
remainder by the gou. add the gu less the ^om then subtract the zhi ji and 
divide the result by the gu\ add to the quotient the gou plus the gu and multi¬ 
ply the sum by the gu; to this product add the gu and divide the result by the 
gou; subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gou; the result is equal to the gou. Divide the product 
of the gou and the square of the gu by the gu, add to the quotient the zhi ji and 
subtract the square of the gou, then divide the remainder by the gou; the result 
is equal to the xian. Find the product of the zhi ji by the xian less the jiao. 

Ans. 48 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required number. Using these three talents we obtain 6000 
for the positive shi, 46781 for the negative/ong, and 972 for the positive 
yu, a quadratic expression^' ^ whose root is the required number. 
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[ Notes ] 

[ 1 3 The expression in nuxlem form is the equation: 9722^ - 46781z + 6000 = 0. 
(C) The square root is[c-(6-fl)]a6. (G) 




7. 

[ilA] 

vj,mm:t, 

M, vmmt., Mfla, Ke 

nms^m, vm^^:t, iina^.. i^^m, vj.^m:t, m-. 

^0: -+pg^o 


li±»l 

[I] -54z=+l321z- 600 = 0oCI!S)««i^[(« + /») 

+C ] [ (a + *) - C ]o ¥-±mi^]tt;(5lHigo (») 

li. -^i3=te^o *:*?., ait,^3|E, Ifft- 

y:ii^, f-1: ^‘>'1 

24-^^ 

A: tit:^>t—;5^ij, i4>t—A>b—*k.>tJ^A 

^f^’J1321 


7. From the zhiji subtract the sum of the gou and the gu and multiply the 
remainder by the gou, add the gu less the gou then subtract the zhiji and 
divide the result by the gu; add to the quotient the gu plus the gou and multi¬ 
ply the sura by the gu; to this product add the gu and divide the result by the 
gou; subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gou; the result is equal to the gou. Divide the product 
of the gou and the square of the gu by the gu, add to the quotient the zjiiji and 
subtract the square of the gou, then divide the remainder by the gou; the result 
is equal to the xian. Find the product of the huangfang by the xian plus the he. 

Ans. 24 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required number. Using these three talents we obtain 600 
for the negative shi, 1321 for the positive/ong. and 54 for the negative 
yu, a quadratic expression^' ^ whose root is the required number. 

[ Notes ] 

[ 1 ] The expression in modem form is the equation: -54?^ + 1321? - 600 = 0. 
( C ) The square root is[(a + 6) + c][(a + 6 ) - c]. Luo Shilin considered that the 
problem was mistaken. ( G ) 
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8 . 

imic] 

uxnmz, vm^^±, nn 

M, vj,mm:t, m, vj.'^M:t, Ks 

*psm, sw 

^B: E^- l-^to 

tI^H: ifiTCi— X7t~^3f^, 

^#H+A:^'t1^£;W^^iE^. E7TA"F“WH+S^^^:^. --^A^ 
iEPS, TO5F:to"’ -^Ho 

[as I 

r I ] : I08z' - 462352 + 367500 = Oo (A x 

BA W) 

[4-lf ] 

yxsn, *«ijHS:=f^, A>^A}&, 1 

r-T: i^P3|li4i5&> :>■? 

^■. 420 #o 

j'jij . i(k.A—W. 
7C,^4-^0Se.^*'^^*)*fo -?fS'J 367500 7(;l!fM, -46235 f- 

4t, 108;i^#.i^A^^.4t, 


8 . From the zhiji subtract the sum of the gou and the gu and multiply the 
remainder by the gou, add the gu less the gou then subtract the zhiji and 
divide the result by the gu; add to the quotient the gu plus the gou and multi¬ 
ply the sum by the gw, to this product add the gu and divide the result by the 
gow, subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gow, the result is equal to the gou. Divide the product 
of the gou and the square of theby the gu, add to this quotient the zhiji and 
subtract the square of the gou, then divide the remainder by the gow, the result 
is equal to the xian. Find the product of the five he by the fwtjiao. 

Ans. 420 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required number. Using these three talents we obtain 367500 
for the positive shi, 46235 for the negative fang, and 108 for the positive 
yu, a quadratic expression-' ^ whose root is the required number. 

[ Notes ] 

[ 1 ] The expression in modem form is the equation: 108?* - 46235z + 367500 = 





to 

•'n 
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0. (C ) The square root is A x fi. (G ) 


9. 

[mS;] 

vmmz, mn 

ra, vmmz, spas. mr.m. ^nmo ks 

nm^Sim, vj,m.^.z, sasfi. ui^mz, -^ki^o i^: s®: 

;^S: *?c7n-^^. 

t#H-t-M^, A^^iEPS, -^mo 

[a»l 

[i] 62»-4u + 3o = o„(i;s)S«^4'* (a*b* 

B 

c)o (W) 

[4-ii] 

>-:tJljt. *>JH:. id(.A2-fl-6SK^ 

6^0 

A: i<k.?t—^JIS. A/Cn 


9. From the z/ti ji subtract the sum of the gou and the gu and multiply the 
remainder by the gou, add the gu less the gou then subtract the zhi ji and 
divide the result by the gu; add to the quotient the gu plus the gou and multi¬ 
ply the sum by the gu; to diis product add the gu and divide the result by the 
gou; subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gou; the result is equal to the gou. Divide the product 
of the gou and the square of the gu by the gu, add to the quotient the zhi ji and 
subtract the square of the gou, then divide the remainder by the gou; the result 
is equal to the xian. Find the product of the xian by the sum of the sides 
divided by the five jiao. 

Ans.6 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required number. Using these three talents we obtain 30 
for the positive shi, 41 for the negative fang, and 6 for the positive y«, a 
quadratic expression^' ^ whose root is the required number. 



r ^ 
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[ Notes ] 

[ 1 ] The expression in modem form is the equation: 6z^ - 41z + 30 = 0. (C ) 

The square root is-^x (u + h + cX (G) 

B 


10 . 

[iiSl 

n^m, vmm:t, 

mm, immz, ap®, vj^^^z, -^mm, ks 

^mmm, vm^z, ipasi, vj,n^z, fpi: kw. 

H;4'ffia£^;^:o 
-WA+A:^r-S‘Eg-('-^^», -+A 
:^A"PA-s‘r+0?^iE|iS, -^No 

[ ii» ] 

[ 1 ] 186624t2 - 168024U + 5625 = 0„ () K«5^ 


[4-it} 

y-xm, i^i.JJil^, ^yx^, f^yXi^, aii,^ 2 'fg-«K-^ l-fl-^ijM 
fe, 'A^^, 

yxi:}, 1 - 1 : i 4 i^ ^ 3 ^ ^ 

9#o 

m']5625^^t^^, -1680241:5^1 —A^#. 
4t, 186624 ^p4?o 


10. From the zhi j\ subtract the sum of the gou and the gu and multiply the 
remainder by the gou, add the gu less the gou then subtract the zhiji and 
divide the result by the gu-, add to the quotient the gu plus the gou and multi¬ 
ply the sum by the gw, to this product add the gu and divide the result by the 
gow, subtract from the quotient the sum of twice the gu and the difference 
between the gu and the gow, the result is equal to the gou. Divide the product 
of the gou and the square of the gu by the gu, add to the quotient the zhiji and 
subtract the square of the gou, then divide the remainder by the gow, the result 
is equal to the xian. Find the product of the gu by the square of the zhiji 
divided by the sum of the thirteen matters: the five he, the fwejiao, the gou, 
gu, and xian. 

Ans.9 bu. 

Process. Let the element tian be the gou, the element di the gu, and the 
element ren the required number. Using these three talents we obtain 5625 
for the positive shi, 1680241 for the negative/ang. and 186624 for the 
positive yu, a quadratic expression^'' whose root is the required number. 




[ Notes ] 

[ 1 ] The expression in modem fonn is the equation: 186624z’ - 1680241z + 5625 

= 0. ( C ) The square root is- - - x ab. (G ) 

A+S+fl+h+c 


11 . 

IJiSc] 

^B: 

^B: iL^^-ysn, ^Trmm^Zo 

m, -tw-t 

mrais, “TAW'+A^MEU, AW-i: 

Am-fc;*. Hf-A^^MA*. A+n^i^A*. 0?^ 

JEM, ^No 

[fiS] 

[ 1 ] ittBP: /(c - a H* + cT + (a * b) - h = ]; #fl 

[(a + b) - - j (c - h)[c + lb - a)] - c = 3o (55) 

4x'* - lx" - 821'“ + 36x’ + 67CU* - 233x’ - 2829^* + 72(U* + 6522** - 1134x’ 
- 7698** + 76Q* + 3560 = Oo ( ) 


[4-itl 

A-f^. 1A*: 

2^c 

•^i-: AtO—A;> t> i&7b4A 

A.2.;^4BSC.'^^:^^■^#fo ■^f^J3560;5&'^)f4fc*^^, 760 
~7698>&—-1134^^/fc-«-%lt, 6522i(>raA^^i|fc, 720 

-2829i(iAA5®J-*, '233?(;'tA^#,^fc, 670?(7A 
36i&AA^M4fc, -82>& + A^#-il:, -2:H7+-A^M 
4t. A+-A;5-<, 5^-^^I-To 


11. To the product of the xian less the gou by the xian plus the gu add the gou 
plus the gu\ the square root of the result exceeds the gu by I bu. From the 
product of the xian less the gu by the xian plus the jiao subtract the xian', the 
square root of the result is less than the square of the huangfang by 3 hu. ^ ‘' 
Find the he less the xian. 

Ans.2 bu. 



Process. Let the element rtan be the gou, the element di the gu, and the 
clement ren the he less the xian. Using these three talents we obtain 3560 
for the positive shi, 760 for the positive/ang. 7698 for the negative upper 
Han, 1134 for the negative second Han, 6522 for the positive third lion, 720 
for the positive fourth Han, 2829 for the negative fifth Han, 233 for the 
negative sixth Han, 670 for the positive seventh Han, 36 for the positive 
eighth Han, 82 for the negative ninth Han, 2 for the negative tenth Han, and 
4 for the positive yu, an expression ^ ^ of the twelfth degree whose root is 
the required number. 
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[ Notes ] 

[ 1 ] That is, •/ ic - a)(b + c) + (a + b) - 1> * t; and 
[{a + b) - c]* - J (c - b)[c * (b - a)] - c = 3. (G ) 

[ 2 ] The expression in modem form is the equation:4j'^ - 2x" - 82x'® + 36** + 
670x* - 233x’ - 2829x* + 72ar» + 6522x‘ - 1134x^ - 7698x2 + 760*: + 3560 * 0, (C) 




m 
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1 . 

[JliJ 

RSH-fp. m^, ^IS^Z, 

^H: Z^o 

tL^7t-%n, ra 

-fc:^0"PA+mA, jc 

♦ 

TSW-+m±*, H 

lasi 

[iJlttBP: b - V^+ 3<)sl./3(o + £>) *Aib-a) - fl = 2o(W) 

[ 2 3 - «• - 30«^ - 264«* - 280m’ + 5520m’ + 74080m + 

39360 = Oo ( ) 


[4-if 1 

A: Atc—A 

A. 3tk,A. AA^ ife7Le9:#40^^»':*A'^)Wo 39360 

74080?';—5520?ff—-280?';^A:gi -264 

-30?';i;fc^^,ifc, -1 TfAAAo 

#-^/'/rRo 


Si Xiang Chao Yuan ( Expressions in 
Four Unknown Quantities ) 

6 Problems 

I. The cube root of the sum of five times the width and three times the length 
is less than the gu by i bw, the square root of the sum of three times the he and 
four times the jiao exceeds the gou by 2 bu. ^ ^ Find the sum of the two 
matters: the huang fang and the difference between the xian and the jiao. 

Ans.6 bu. 

Process. Let the element tian be the gou, the element di the gu, the element 
ren the xian, and the element wu the required number. These four phenom¬ 
ena meeting we obtain 39360 for the positive shi, 74080 for the positive 
fang, 5520 for the positive upper lian, 280 for the negative second lian, 264 
for the negative third lian, 30 for the negative fourth lian, and 1 for the 
negative an expression^ of the sixth degree whose root is the required 
number. 
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I Notes ] 

[ 1 ] That is, b - J 5a + 3b = 1./3 (a + b) + 4 (b - a) - a = 2. (G ) 

[ 2 ] The expression in modem form is the equation: - «• - 30«* - 264m' - 280m’ 
+ 5520«’ + 74080m + 39360 = 0. (C) 


2 . 

1/^:3:] 

^ Win w 'm 

m^. -®H$:^jf4#;LfBi? 

^H: H-f-^^o 

TtiB: IfeTt-^aa, !^7c->j?f«[, 0 

# 

I aw I 

[!]«: c + (6-^1) = |.*=. [c - (b-a)V=-^(a + c)^o(n) 
[ 2 ] -9«’ + 300h’ + 1100m - 60000 = Oo (ISK) 

[4^if 1 

30iP^o 

A: . Ak.>t—A tc—A 

>t. *k,7t. Atl, l^f'l-eoooo^tit^, 

1100^ —aooj^j—-9:5(fjJLftA^S,41, ■?f"A:;5"o 

3 . 


2. The sum of the xian and the jiao is equal to three-eighths of the square of 
the gu\ the square of the difference between the xian and the Jiao is equal to 
one-fourth of the square of the sum of the xian and the gou. ^^ Find the sum 
of the three matters: twice the xian, four times the gou, and twice the gu. 
Ans.30 bu. 

Process. Let the element tian be the gou, the element di the gu, the ele¬ 
ment ren the xian, and the element wu the required number. These four 
phenomena meeting we obtain 60000 for the negative shi, 1100 for the 
positive fang, 300 for the positive lian, and 9 for the negative yu, a cubic 
expressionwhose root is the required number. 

[ Notes ] 

[ I ] That is, e + (b - a) - [c - (A-a)]* = ^(a + c)*. (G) 
[2] TTie expression in modem fmm is the equation; -9i/’ + 300«’ + 11 OOh - 60000 
= 0. (C) 



3. The square of the difference between the he and the xian plus the square of 
the difference between the xian and the gou is less than the square of the gu by 
the sum of the gou and the xian. The square of the sum of the xian and the he, 
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fB. iBi: s 

« 

®B: —h-^o 

7^0; SL^Tt-^^, ifeTC-j^K, A^-:!^^, i^TC-^ffSSf, 0 

0 W-+ram^. Ara+-^^ 

±ag, A+Aj^i*.-|il, AWA+mn*. AB'i+A^^rall, 
ra+Amps, ^miTjfZo^^'^ -^fsio 

[ I ] ittlBP: - \[(a -¥ b) - c]^ + (c-a)*t *c + a, [c + (a + fr)]^ 
- (fl + &)[c + (<i + i>)] + (c-fl) -2d*a + fr + Cv(®) 

[2]‘‘AWA+”Wiift;ft"A+A^ flc*W»iKoiltBPA»:-^S: 48i^ -656tt^ 
+ 960u* + 68w' - 851tt^ + 424ii - 48 « Oo () 


14-ii] 


12^0 

*k>7t. A?t. •??S'J-48^'fr4fc^. 424 

^ —-851^—960?*;©^^ 
^.4t, ~656^£.>k.^^ik., ff-A^Ao ^-^^-tf^c 


V 


less the sum of the gou and the gu multiplied by the sum of the xian and the 
he, plus the difference between the xian and the gou exceeds twice the square 
of the xian by the sum of the three [ sides 1 ^^ Find the sum of the three 
matters: the gou, gu, and xian. 

Ans.l2 bu. 

Process. Let the element tian be the gou, the clement di the gu, the element 
ren the xian, and the element wu the required number. These four phenom¬ 
ena meeting we obtain 48 for the negative shi, 424 for the positive/ung, 
851 for the negative upper lian, 68 for the positive second lion, 960 for the 
positive third lian, 656 for the negative fourth lian, and 48 for the positive 
yu, an expression* ^' of the sixth degree whose root is the required number. 

[ Notes ] 

[ 1 1 That is, - l[(a + <>) - c]* + (c-ti)*| * c + a. [c+ (a + fr)]’ 
- (a + b)[c + (fl + t)] + (c-a) - 2c^ = a + b*c. (G) 

[ 2 ] 96 in the original text is an error. According to Dai Xu' s research, we substi¬ 
tute 960 for 96. The expression in modem form is the equation: 48u‘ - 656w’ + 960«* + 
68 h’ - 851m^ + 424m - 48 = 0. (C) 


-7\m 





4 . 

[JiS] 

E«. EK. pg««; -fej. K. n:^. 1“]: '^^ SS, ^P, ®! 

^a-. -+^c 

T^B: AfeTU-^fla, m 

^#^:"FAHAAAiE$, -t:^S"FE'i‘A I 
-+-:^A=P-irA+,m h*. Ei^'bWA+m-*. 

-fc+^^i^izg*. a^^jewi. 

[i±ff ] 

[ 1 ] iSE^fl. B. jltSP: A * (a + b + c) ^ <U 2 h + 2a, (a * 

b + c) - B = |a + fe + c+ [(fl4*) - c]| -fr^od?) 

[2] Jflf: 8m" - 70m' - 2375m* + 5780m’ + 118160m’ - 
75584m + 7680 = Oo ( BS) 


^it: i3s ^4.^ o«** 

ij, tt, it. mjt. B: io. *t^ ^Sl^. 

^:20#o 

TO. JtA. AA. !toTOE94f4a^^>-:tA^)Sfo 4fS'j 7680 
-75584^ —1I8I60 t{i—5780 ^.4K:, 

-2375^^je9A^f,it, -70 t*1 8 


4. The five he plus the sum of the three [ sides ] is equal to four times the zhi 
ji plus twice the gou. The difference between the sum of the three [ sides ] 
and the five jiao is equal to the sum of the four [ the gou, gu, xian, and the 
huangfang ] minus the square of the ' ’Find the sum of the five matters: 
the gou, gu, xian, he and Jiao. 

Ans.20 bu. 

Process. Let the element tian be the gou, the element di the gu, the element 
ren the xian, and the element wu the required number. These four phenom¬ 
ena meeting we obtain 7680 for the positive shi, 75584 for the negative 
fang. 118160 for the positive upper lian, 5780 for the positive second lian, 
2375 for the negative third lian, 70 for the negative fourth lian, and 8 for 
the positive >'«, an expression of the sixth degree whose root is the re¬ 
quired number. 

[ Notes ] 

[ 1 ]Let Che five he be A, and the five jiaoB. From the statement we have .4 + (o + 
h + c ) = 4a/» * 2a, (a + b + c) - B = \ a * b * c * [(o + h) - c]| - b. 
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(G) 


[ 2 ] The expression in modem form is the equation: 


Su* - 70 m’ - 2375«" + 5780h’ 


+ 118160m^ - 75584h + 7680 = 0. (C) 
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5 . 

[JlAl 

4-=^^, ks: e»- 

-mm, ®A^, 

mnm? 

^H: 

^ 0 : SL^7L~tf3^, Mk^-^mi, X7t-tf3^, m 

PS, nm^. 

[ii.n] 

[ 1 ] JltiP: (fl^ + fr^ + c*) - /4 = 2[(fl + *) - c]». 

(A + 2a^ + 2b^) -8c=-^fi'+ [(a + b) - c]<,(IP) 

[2] -41«’ - 112« + 3072 * 0, ( ) 

[^^] 

I&. -P^5r: 

1-1: i3. m.. ;>'? 

4^0 

A 

70. iitTO. >V70, ^i'l3072 

-U2^-'Z^».4t, -4\Miik^'Z^fi-^4t, 4f4#o 


5. The sum of the squares of the gou, the gu, and the xian minus the five he is 
equal to twice the square of the huangfang. The five he plus twice the square 
of the gou plus twice the square of the gu minus eight times the xian is equal 
to one-half of the square of the five jiao plus the difference between the he 
and the xian. ^ ‘ ^ Find the cube root of the sum of the thirteen matters: the gou, 
gu, xian, five he, and five jiao. 

Ans.4 bu. 

Process. Let the element tian be the gou, the element di the gu, the element 
ren the xian, and the element wu the required number. These four phenom¬ 
ena meeting we obtain 3072 for the positive shi, 112 for the negative/ang. 
and 41 for the negative yu, a cubic expression • * ^ whose root, 4 bu, is the 
required number. 

[ Notes ] 

[ I ] That is, la^ + * c^) - A = 2 [(a + b) -c]’, (A * 2a} + 2b^) - 

8c + [(a + i») - cl (G) 

[ 2 ] The expression in modem form is the equation; -4\u^ - 1 \2u + 3072 = 0. 


(C) 
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6 . 

[igst] 

Urn: ^Z^JEm, - 

m±iK. -mTm. 

^mmmm=.Mm, iPH;tsip. mm. 

x5: ^z=mm, iJuMM, ts\: ^»;lh? 

^B: -0o 

:^B; 3:^^—Hb^—0 
0 .m^^Z. ^#-"F-WS+-^JiE^. -tWA+A^^^A. AWK 
+::^iS±i(S. -"f-t^A-h-m:::*. A^ 

A::^i£M. -:^Ai^-W-A-^^A^A*, A"P-tWA+A^MA 

m. -:^-"FAWH+'bmAiE, 

H t mAH, -:^A"f^-WAAA^iS tas. -:^-1"“HA i'- 
m+-m. A^iEP. AH 

BPA«fifeo -^f^Io 


Q = (a + b)^ + (a + c)* + (i> + c)* + [(o + t) + c)^ + [(fc-a) + 
cV, Xiem^St^tt. -2U* + u^ *u^-3u* Q^Oo (») 

[ 2 ] ittBP: (a + b)^ - lab + (a+* + c) = (mM^ + c^-^o(S?) 

[ 3 ] jltBP: A(fl + b + c) + [(fl + fc) - c] =ii’o(^) 
[4]?FA^WS6ftJ^St?^: 2006«'* - 1I1I2«'’ + 22292tt'* - 19168ii" + 2030«’« 
+ 12637«’ - 8795«‘ - 8799u’ + I9112 m‘ - 9008«^ - 384«‘ + 1792«’ - 6A0u^ - 768« 
+ 1152 = Oo (BS) 



6. A number is to be determined from the following conditions. If we take the 
sum of the square of the five jiao for the positive shi, 3 for the negative 
1 for the positive upper Han, I for the positive lower Han, and 2 for the nega¬ 
tive yu, we then form an expression of the fourth degree whose root is the 
required number. ^^ The square of the sum of the gou and the gu minus twice 
Che zhi Ji plus the sum of the three [ sides jis equal to the square of the square 
of the required number plus the square of the xian minus the guj ^ ^ and one - 
half of the sum of the three [ sides ] plus the Huang fang is equal to the cube 
of the required number. What is the number? 

Ans.2 bu. 

Process. Let the element tian be the gou, the element di the gu, the element 
ren the xian, and the element wu the required number. These four phenom¬ 
ena meeting we obtain 1152 for the positive 768 for the negative^ng, 
640 for the negative upper Han, 1792 for the positive second Han, 384 for 
the negative third Han, 9008 for the negative fourth Han, 19112 for the 
positive fifth Han, 8799 for the negative sixth Han, 8795 for the negative 
seventh Han, 12637 for the positive eighth Han, 2030 for the positive ninth 
Han, 19168 for the negative tenth Han, 22292 for the positive eleventh Han, 
11112 for the negative twelfth Han, and 2006 for the positive yu, an expres¬ 
sion t ^ of the fourteenth degree whose root, 2 bu, is the required number. 
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[ Notes ] 

[ 1 ] Let the sum of the square of the five jiao be Q. Then. <2 = (a + d)^ + (o 
+ c)^+ (f> + c)^+ [(a + 6) + c]*+ [(b-ii) + cl*. And let the required number 


be u. Then, u satisfies the equation: -2«* + «’ + «* - 3 h + 0 = 0. (G) 




[4-iiJ 

X^it: 2'fSW-lfc;5-^®^R, 

)i!t, 5L*. 

it: ij. K.. -^TS4fcd^-i^-t^4a-^o l"T; .ff, 

2#„ 

>t, -Jf^'J 1152 -tit^, 

-768^-;fc^#-it, -640^^^m^it, 1792^^<t^j?,it, -384 

-9008^&i<fc^^.A, 19U2^(?5^;ifc^#,4t, -%199^ 
-8795^/V;*::^j^ifc, 12637^^?^.^#:^^^#:, 2030?*? + 
-191683(i+-<fc^#-i*:. 22292-11112 
:Jf7+^^fc^Mifc, 2006 7*;jg.*;fc^if-*t, ^^'t-e9^fc;5-. 4?-ii]21^, *t 


f 2 ] That is, (a + h) * - 2ab + {a + b + c) * {ii*)* + c^-fr. (G) 

[ 3 ] That is, -j(<i + h + c) + [{a + b) - c] (G) 

[ 4 ] The expression in modem fonn is the equation: 2006m'‘ - 11112tt'’ + 22292«'* 
- 19168«" + 2030 m'® + 12637m’ - 8795m* - 8799m’ + 191I2h* - 9008m’ - 384m‘ + 
1792m’ - 640m’ - 768m + 1152 * 0. (C) 
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6m= 1^ 

ioi= lit 
10®= Ife> 
10 &= 1 
10^= 1 ^ 
10^ = i?l- 
iofi-= 14 
10 4= iM 



10^= lit 
10 = 1 ^ 

6 ^ = 1 :$)■ 

4^= 1^ 

16 M= ifr 
15jf= Iff 
30fr= it^ 

1®= 120 ff 



m 

10,®.= 

10^= 1 ^ 

10^= IM 
10il= 1 ^ 

105J-= ft 
10^= 1 K 
io;^= 13t 

3t;2R= lEt'l . ^#Wfl^23t4;^= lE 
5±5K= 1^, gt#^B^45C8R= 1^ 

lasi 

W»tlfe.=SKftb1tiao (BS) 
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Appendix: Tables of Measures Used by Zhu Shijie in 
His Introduction to Mathematical Studies 

[ Original Text J 

I. Heaped Measure 

6su (M, grain ) = 1 gui 

10 gui (:^ ) =1 cuo (tg. pinch) 

10 cuo ( ) = 1 chao ( handful) 

10 chao { £1^) = 1 shao ( spoonful ) 

\0shao (■^ ) = 1 At ("a ) 

10 At (-^ ) = 1 jAtng ( ) 

10 sheng ( ^) =1 dou ( 4- ) 

10 dou ( 4 ) = 1 Au ( #1) 

II. Weight Measure 


IOjAu ( ^) = 1 /t» (lil) 

10 /ti ( ^ ) = 1 zAm ( ^ ) 

6 zhu ( ^ ) = 1 fen ( ^ ) 

4/tn ( ^ ) = 1 Hang ( M ) 

16 Hang ( M ) = 1 jin ( fr ) 

\5jin ( ff ) = 1 cAtng ( ) 

30;i« (fr) = \juni^) 

4 jun ( ^ ) = 1 shuo ( 5® ) = 120 jin (ff) 


Ill. Linear Measure 


10 hu .() =1 si ( silk thread ) 

10 si (it) = \hao(^) 

10 hao(^) = \li(M) 
lO/i (ffi) = \fen(6^) 

\Ofen ( ^) = 1 cun (■T^ ) 

10 cun (-t) = 1 chi { R ) 

10 cAi ( K ) =1 zhang ( 5t) 

3 zhang ( 5t ) 2 c/ii ( K. ) = 1 p/ (’ or sometimes 2 zhang ( i ) 
4 chi' ( R ) = 1 pi ( EE ) 

5 z/ian^ ( 3t) 5 c/ii ( K ) = I duan () or sometimes 4 zhang ( ) 

8 chi ( K,) = 1 duan ( ^ ) 

[ Note ] 

[ 1 ] The terms pi and duan are used only in measuring cloth. Cloth is woven in 
single strips sometimes containing one length and sometimes another.( C ) 


